A SERIES OF BOOKS IN AGRICULTURAL SCIENCE 
Animal Science 
EDITORS G W Salisbury 

E W Crompton ( 1957-1970 ) 



MLSU- CENTRAL LIBRARY 



731 81 CL 


IMPROVEMENT OF 
LIVESTOCK PRODUCTION 
IN WARM CLIMATES 


R. E. McDowell 

CORNELL UNIVERSITY 


with chapters by 

Richard G. Jones 

CALIFORNIA LIVESTOCK MARKETING 
ASSOCIATION, VISALIA 

H. C. Paut 

U. P. COLLEGE OF VETERINARY SCIENCE AND 
ANIMAL HUSBANDRY, MATHURA, INDIA 

A. Roy 

U. P. COLLEGE OF VETERINARY SCIENCE AND 
ANIMAL HUSBANDRY, MATHURA, INDIA 

E. J. Siegenthaler 

UNIVERSITY OF MICHIGAN, ANN ARBOR 

J. R. Stouffer 

CORNELL UNIVERSITY 


■S 

W. H. FREEMAN AND COMPANY 
San Francisco 



\CZ ^'.1 

L2 

"73 18 / 

Copynght © 1972 

fey W H Freeman and Company 

No part of this book may be reproduced 

by any mechanical, photographic, or electronic process, 

or in the form of a phonographic recording. 

nor may it be stored in a retrieval system, transmitted, 

or otherwise copied for public or private use 

without written permission of the publisher 

Printed m the United States of Amenta 

International Standard Book Number 0-7167-0825-6 

Library of Congress Catalog Card Number 74-170395 


123456789 



Contents 


Preface vii 

I. FACTORS INFLUENCING LIVESTOCK PRODUCTION 
IN WARM CLIMATES 1 

1. The Role of Livestock in the Warm Climates 3 

2. The Physical Environment 22 

II. RESPONSES OF ANIMALS TO WARM 
ENVIRONMENTS 63 

3. The Animal Body in Warm Environments 65 

4. Consequences of Thermal Stress on Livestock 
Performance 101 

5. Determining the Suitability of Livestock to Warm 
Climates 128 

III. FEED SUPPLIES 165 

6. Problems of Forage Production in the Warm 
Climates 167 

7. Concentrates, Feed Supplements, Feed Additives, and 
Other Feed Supplies 217 

IV. LIVESTOCK BREEDING 261 

8. Characteristics of Breeding Stocks 263 

9. Improvement Through Breeding 301 

10. Application of Mating Systems 352 

V. MANAGING THE LIVESTOCK ENTERPRISE 399 

11. The Functions of Management in Livestock 
Production 401 



CONTENTS 


12. Management in Relation to Reproduce e 
Performance 410 

13- Management in Relation to Animal Health 454 

14 General Management Consideration 477 

VI SHEEP (AFRICA AND SOUTHERN ASIA) AND 

WATER BUFFALOES 539 

15 Sheep Production m the Semi -and Areas of Africa and 
Southern Asia by Richard G Jones 54 1 

16 The Water Buffalo and Its Future by II C Pant and 
A Roy 563 

VII HANDLING OF MILK AND MEAT PRODUCTS IN 

THE WARM CLIMATES 601 

17 Milk Handling and Processing in the Warm Climates 
by E J Siegenthaler 603 

18 Meat Handling m the Warm Climates by J R Stouffir 
629 

VIII LIVESTOCK PROCRAMS 651 

19 Developing Livestock Programs 653 


Index 691 



Preface 


The overall purpose of this book is to draw attention to some of the 
factors that reduce the efficiency of livestock production in a region 
of the world in which it is most vital— the so-called “warm climates” 
lying between latitudes 30° North and 30° South. High air tempera- 
tures and rainfall distribution in this region create conditions which 
influence the efficiency of performance of livestock directly by affect- 
ing the animal's body functions and indirectly by causing fluctua- 
tions in feed supplies and increasing the incidence of animal dis- 
eases. 

This book is intended primarily to serve the needs of students in 
American universities who are interested in gaining insight into the 
variety of problems associated with livestock production in the warm 
climates, American nationals serving in programs for livestock de- 
velopment abroad, and foreign nationals contemplating development 
of area or country programs for improvement of livestock production. 

Though the average performance of animals in the warm climates 
is low by northern-latitude standards, there are a number of factors 
that favor the further development of animal production. Among these 
are: (1) the numerous highly efficient livestock enterprises already 
established in the region; (2) an increasing demand for livestock 
products with expanding human population; (3) a continuing need 
for animals to provide services such as power for agriculture, and 
non-food products such as wool and hides; (4) the indigenous popula- 
tion’s traditional taste for animal products; (5) the importance of 
animals in soil and water conservation; and (6) the great flexibility that 
domestic animals show in their capabilities for transforming feeds into 
products necessary for the most efficient total agricultural produc- 
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hvity of the region What has been accomplished in Israel and in the 
southern part of the state of Louisiana with dairy cows, in Australia 
with sheep, and in Tanzania and Jordan with poultry shows it is not 
impossible to have highly productive animal enterprises in the warm 
climate region However, it is not simply a question of increasing the 
total number of animals- this region now has over 50% of the world’s 
cattle, horses, mules, and asses, 75-80% of the goats, buffaloes, and 
camels, and 30-35% of the swine, sheep, and poultry Rather, the 
challenge is to obtain the optimum yield from the total soil-crop- 
animal environment complex 

Many aspects of animal production have already been extensively 
studied in the cooler regions of the world, and there appears to be no 
need to repeat much of this work in the warm climates since charac- 
teristics that depend exclusively or predominantly on the genotype 
of animals will be the same in any environment The Holstein cow, 
for example, if bred to the same bull, will produce a black and white 
offspring in either Colombia or New York State By contrast, housing 
for cows m the same two places must be quite different for the animals 
to obtain anywhere near the same level of performance in as much 
as the productivity of animals is highly dependent upon environ- 
mental conditions For example, we do not know much yet about the 
importance of animal genotype environmental interactions in the 
warm climates 


Much more research is needed in warm climate regions But the 
challenges of the immediate fhture cannot wait Without adequate 
research, local livestock producers must continue to apply technology 
on an empmcal basis Unfortunately, this will have to continue but 
fortunately, technology has advanced enough so that with carefhl 
preplanning satisfactory decisions can be made on the likeliness of 
success in changes for livestock production 

A major portion of this text is devoted to nointmc* 
cnees the cooler latitudes, as well « 

climates, may he applied on a broader scale with a hieh nr b 1 ' 1 °,? 
Of success Firstly, we must dispel the long held concent 
production in warn climates entails a set of nrnht Pt | vestoclt 
liar to the area. This hypothesis was ba 'd m l y PeCU ‘ 

tlic direct effects of the climate in the «>„ d y ° n the belief that 
for the low level ofproduchvity of ammahTllce" 5 ' hlefly, “P < ®«bIe 
however, strongly indicate that the d 1 ' ece nt research findings, 
is rather through.* m^ec, efec ? ^ ^^^‘""'ental impact 
production may, ,n many respects he * lnh ll>ltors of livestock 
same time we ought tJIZZ sot Ton' ^ ^ ' ahtud « A ‘ *• 

approaches ,0 genetic improvement , such TCh "“"T ab ° U ‘ 

nigh emphasis on 



phenotypic traits that have little economic value. Too, we must cease 
to over-indulge in the concept that body appendages, possessed by 
certain types of livestock indigenous to warm climates, like the 
pendulous dewlap of Zebu cattle, are of great significance in their 
suitability for most efficient production. 

In most of the warm climate region, the swine and poultry indus- 
tries have developed around advanced technology from the temperate 
zone. These industries will continue to depend largely upon tech- 
nological innovations and fate of the area. In contrast, traditional 
methods are still used in the production of sheep, goats, cattle, and 
buffaloes, and for this reason the major emphasis is on these species. 

It would obviously be impossible in a book of this sort to provide 
detailed plans that might be followed in a given country because too 
much depends upon local conditions. The real objectives of this book 
are to examine some of the basic cause-and-effect relationships and to 
attempt to explain why certain measures are generally necessary or 
desirable. The discussions deal principally with the requirements of 
specialized livestock enterprises rather than small farms, because it 
is the specialized enterprises that will make most of the significant 
contributions to additional food supplies. Careful examination of 
practices on small farms reveals that these are already obtaining 
from their animals about as much as can be expected. It is pointed out, 
however, that the output of small farms could be greatly increased if 
governments were prepared to provide a high input of services. 

As this book proceeds from one major principle to the next, it 
attempts to tie together limited research findings from the warm cli- 
mate regions and well established principles of animal breeding and 
other aspects into a general picture to emphasize the simplicity of the 
underlying factors involved and to illustrate how the two can be used 
effectively for programs of livestock improvement in the warm cli- 
mates. 

In writing this book I have attempted to be as subjective as 
possible. I have been somewhat pessimistic about the projected ap- 
plication of experimental findings to farm situations, but as is com- 
monly done, I have indulged in the practice of quoting maximum or 
near maximum yields— not by choice but because this is what is 
available— rather than the returns from the application of technology. 

While taking sole responsibility for any errors of fact or interpre- 
tation in tile book, I wish to thank the many friends, colleagues, and 
students who have helped along the way. Those who generously 
pennitted me to use information from their unpublished works and 
those who provided photographs to serve as illustrations, I have tried 
to acknowledge in the text, hut I may have failed to mention all. I am 
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especially indebted to the individuals who contributed the chapters 
on the sheep of northern Africa and southern Asia, on the buffalo, 
and on the handling of livestock products I greatly appreciate the 
assistance of Dr Cecil Branton of Louisiana State University, who 
made helpful suggestions on the entire manuscript, and of my col- 
leagues at Cornell, Dr P J VanSoest, Dr J T Reid, and Dr J K. 
Loo si i, who gave their comments on the chapters dealing with prob- 
lems of feed production and livestock management To the many 
persons who have contributed in these and other ways, I wish to 
convey my deepest gratitude 

August 1972 r £ McDowell 
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The Role of Livestock 
in the Warm Climates 


The region of warm climates has been designated as the belt around 
the earth lying between latitudes 30° North and 30° South (N-S 30°), 
as shown in Figure 1.1. Much of this region has a characteristic climate 
that, through its direct and indirect influences, creates certain prob- 
lems for both crop and animal production. Too, it is a region of rapidly 
expanding population. In 1966 the population of the region (including 
more than 70 countries lying entirely within the belt, as well as parts 
of others, and many islands) was about 2.0 billion— nearly 60% of the 
world’s total. According to the United Nations medium level projec- 
tions, it will pass the 5-billion mark by the end of this century. 

Due to rapid population increase much of the region is deficient, 
or nearly so, in total food production. Though the region contains 
about one-half of the world’s potentially arable land, it produces only 
about one-third of the world’s total cereal grains. The proportion of 
the population engaged in agriculture is high (average 56%), with 
some countries having over 80% of their population engaged in agri- 
culture. Such heavy employment in agriculture means that the level of 
economic development in many places is low. It is clear that with the 
present rate of population growth a continuation of the slow agri- 
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cultural progress of the past vnll nerther buy the time needed for 
notions to stabilize their populations nor contribute to accelerated 
economic development 


THE CURRENT STATE OF 
ANIMAL AGRICULTURE 

The N S 30° region contains a substantial part of the world s livestock 
(Table 1 1) But in much of the region, animal agriculture has re 
ceived little attention in relation to either its present or its potential 
importance At present, the average milk yield and rate of growth of 
cattle m the lower elevations of the region are only 10-25% of what is 
acceptable in the northern latitudes Because of slow growth rates and 
high annual mortality, the numbers of animals available for meat sup- 
plies are also very low— one sixth to one third of the corresponding 
Rgures for the cooler latitudes The causes of these deficiencies are 
numerous, but feed supplies are of primary significance 

The situation can be illustrated by considering a typical animal 
growth rate for the region in question Although few data are avail 
able on the growth rates of cattle outside the temperate zones. Figure 
l 2 shows a reasonable approximation of the pattern of growth for 
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TABLE 1,1 

Approximate numbers of the most important types of livestock and 
poultry found in the North-South 30° latitudes of the world and 
the proportion this region contains of the world total. 


Types <)/ 
animals 

Numbers 

% of world total 

Cattle 

592,055,000 

55.1 

Swine 

201,258,000 

34.2 

Sheep 

371,734,000 

36.2 

Coats 

253,734,000 

67.3 

Buffaloes 

96,435,000 

79.8 

Camels 

10,142,000 

86.2 

Horses, mules, 
and asses 

63,585,000 

53.2 

Poultry 

1,300,000,000 

26.7 


Source. Data from FAO 


cattle in a warm climate with a 7-8 month wet season and a 4-5 month 
dry season, in which the animals are dependent upon feed supplies 
from natural grasslands. Parturition generally coincides with the early 
part of the wet season, and the calf is automatically weaned at about 
8 months of age or shortly after the dry season begins. The animal then 
experiences a period of weight loss, before the onset of the next 
favorable season (wet). Market size (400-450 kg body weight) is 
generally attained at 50-60 months of age or after about the fifth wet 
season. Since each animal requires 1-3 hectares of grazing land the 
first year after weaning, and 5-7 hectares in subsequent years, it 
takes a relatively large area of land and high inventory of animals 
to produce as few as 50 steers suitable for marketing each year. This 
makes for an extraction rate of less than 7% (ratio of animals sold to 
all the animals 8 months and older, X 100), which is very low com- 
pared to tire 30-35% extraction rate considered satisfactory for much 
of the cooler latitudes. 

The pattern for animal growth in Figure 1.2 by no means repre- 
sents the poorest environment. The seasonal fluctuations in growth 
are more pronounced where the favorable periods last only 4-6 
months, as in many parts of Africa and other tropical areas. Under 
these conditions the cattle must be either held for 7-10 years to at- 
tain market weight of 400 kg or sold at lighter weights. 

In India the growth rate of cattle is often further retarded by the 
practice of allowing the calf to take only part of the dam's milk, the 
remainder going for human consumption. Such a calf weighs only 
60-70 kg at weaning and is therefore not big enough to go it alone on 
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hCure 1 2 

Typical growth curve for cattle on unimproved tropical 
grasslands in areas with 4-month dry season (From 
McDowell 1968) 


roughages, especially when it is given only mature grasses or potistt 
(crushed dry nee or wheat straw) Its chances of survival to the next 
favorable feed season are markedly reduced If the calf survives, it 
will probably weigh only 120 kg at the end of the second wet season 
and approximately 270-320 kg at 6-7 years All indications are that 
when the milk yield of the cow is low, using part of the milk for hu- 
man consumption and part for the calf is not economically feasible 
either (or the production of stock or for the sale of milk In addition 
to large environmental influences created by the direct and indirect 
effects of climate, there is evidence that the genetic potential for 
milk yield and growth rate of most cattle natixe to India and other 
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areas is low. These limitations, coupled with traditional practices, 
such as milking with the calf present, creates a rather dismal future for 
commercial dairying. 

Buffaloes are raised much like cattle in India and elsewhere. 
They are generally larger than cattle at maturity, but the age of first 
parturition is correspondingly delayed. Sheep, goats, and camels are 
largely restricted to the semi-arid areas, and consequently their turn- 
over rate for marketable animals is as low as, or lower than, the rate 
for cattle. Only poultry and swine have benefited substantially from 
modern husbandry practices. 

The following discussions provide additional illustrations ofboth 
the current practices and improvements being made by some in live- 
stock production in the warm climates. As we think in terms of pos- 
sible improvements we must keep in mind that the animals in this 
region are generally the product of two basic processes: unconscious 
selection by man for their ability to produce modest yields under 
limited resource conditions, and natural selection of survivors of 
poor feed supplies and constant attack by diseases and parasites. 


SOME INHIBITORS FOR 
LIVESTOCK PRODUCTION 

The basic principles for successful livestock production in the warm 
climates are similar to those for cool or temperate climates, namely, 
good systems of breeding, feeding, and management. However, due 
to certain factors operating in the warm climates, the approaches 
necessary for improvement may differ considerably. 

In any region of the world a major problem associated with the 
development of livestock industries is the supply of feed. This prob- 
lem is acute in much of the N-S 30° region, yet wide seasonal varia- 
tions have an important influence on feed production in all latitudes. 
If livestock producers in New York State did not supplement the 
natural forage resources in the winter months, the mortality and mor- 
bidity losses among their animals would be higher, and returns from 
cattle or other species lower, than those current in the warmer cli- 
mates. 

Figure 1.3 illustrates the seasonal availability of feed supplies 
for grazing ruminants in three latitudes from unimproved grasslands, 
that is without the addition of such items as improved seed or fertili- 
zer. The areas represented are central New York (temperate), south- 
ern Louisiana (subtropical) and the low elevations of northern Co- 
lombia (tropical). There are two distinct seasons in all three areas due. 
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Seasonal fluctuations in quality and quantity of natural 
grasslands in three latitudes temperate (New York) subtropical 
(southern Louisiana), and tropical (lowland* of Columbia) The 
peak of each curve represents the period of highest quality and 
values for the other months are plotted as estimated deviations 
from the best period The horizontal line (M) portrays the 
approximate marginal point in animal maintenance requirements 
and weight gains (Adapted from McDowell 1%8) 


m the first two, to seasonal fluctuations in temperature and in the 
third to rainfall distribution These seasonal changes have a marked 
impact on feed resources as well as on other factors affecting livestock 
production In the temperate region, as represented by Binghamton, 
New York (latitude 43° North), the precipitation is distributed more 
or less uniformly throughout the year (Table 1 2), but the variation in 
temperature between the warm and cold months creates two distinct 
seasons for forage production Temperature changes create a nearly 
similar diversity of season in Louisiana In Colombia, the average 
precipitation is nearly the same as for Binghamton, but the irregu- 
larity, coupled with high rates of evaporation, brings about the two 
audible seasons— 7-8 months wet and 4-5 months dry— which are 
important m maintaining uniform feed supplies from grazing 
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Mean monthly dry bulb temperatures (°C) and precipitation (cm) for a representative 
area of the tropics, subtropics, and temperate zones. 


Months 

Tropics 

Subtropics 

Temperate 

(Cartagena, Colombia: 
elev., 5m; lat. 10*28' N) 

(New Iberia, Louisiana: 
elev., 6m; lat. 30°N) 

(Binghamton, New York: 
elev. 264m; lat, 42°5'N) 

Temp. 

Tree. 

Temp. 

Free. 

Temp. 

Free. 

Jan. 

27.2 

0.0 

13.3 

13.4 

-3.3 

6.8 

Feb. 

27.2 

0.0 

14.4 

11.4 

-3.3 

5.6 

Mar, 

27.8 

0.2 

15.6 

14.7 

1.7 

7.4 

Apr. 

28.9 

1.5 

20.0 

12.4 

7.8 

7.8 

May 

28.9 

8.4 

23.9 

12.7 

14.4 

9.4 

June 

28.9 

13.0 

27.2 

12.7 

19.4 

9.1 

July 

28.9 

7.1 

27.8 

16.5 

21.7 

9.4 

Aug. 

28.9 

12.7 

27.8 

13.2 

20.5 

8.9 

Sept 

28.9 

13.2 

25.6 

12.4 

17.2 

8.4 

Oct 

28.3 

22.3 

20.5 

7.1 

10.6 

7.4 

Nov. 

28.3 

11.4 

15.0 

11.7 

5.0 

6.9 

Dec. 

27.8 

1.0 

13.3 

14.0 

-1.7 

6.1 

Annual 

28.3 

90.4 

20.5 

151.9 

8.9 

92.0 


Sounc .* McDowell, 1966 


In Figure 1.3 the ordinate values are expressed as percentages of 
the highest quality and quantity of natural forages available during the 
year, with the other months expressed as deviations from the high 
period. As best as can be determined, the duration of the peak period 
is nearly the same in each of the three areas. The rapid decline in the 
summer months can be attributed largely to changes in the quality of 
the forages; consequently, the major differences among the three en- 
vironments arise during the cooler, or drier, months, as the case may 
be. The horizontal line (M) in Figure 1.3 shows the approximate 
marginal point between the animal's needs for maintenance alone 
versus maintenance plus body weight gain. Comparison of the cor- 
responding periods below the line indicates that the portion of the 
year during which natural feed supplies would be marginal to sub- 
marginal is nearly the same (7 months) in all three areas. 

When there is high variability in feed supplies, marked fluctua- 
tions arise in the rate of weight gain of grazing animals (Figure 1.4). 
The rate for cattle more than 1 year of age may reach 0.6 kg or higher 
per day, but this normally lasts only 1 to 3 months. During the dry 
season in Colombia or the winter months in Louisiana losses in body 
weight may occur at a rate of 0.4 kg per day even though some graz- 
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Months 

FJCURE 13 . 

Seasonal fluctuations in quality and quantity ol natural 
grasslands in three latitudes temperate (New York) subtropical 
(southern Louisiana), and tropical (lowlands *'f Colombia) Tilt 
peaV of each curve represents the period of highest quality, and 
values for the other months are plotted as estimated deviations 
from the best period The horizontal line (M) portray i the 
approximate marginal point in animal maintenance requirements 
and weight gains (Adapted from McDowell, 1968) 


m the first two, to seasonal fluctuations in temperature ami in the 
third to rainfall distribution These seasonal changes have a marked 
impact on feed resources as well as on other factors affecting livestock 
production In the temperate region, as represented by Binghamton, 
New "fork (latitude 43° North), the precipitation is distributed more 
or less uniformly throughout the year (Table 1 2), but the variation in 
temperature between the warm and cold months creates two distinct 
seasons for forage production Temperature changes create a nearly 
similar diversity of season in Louisiana In Colombia, the average 
precipitation is nearly the same as for Binghamton, but the irregu- 
larity, coupled with high rates of evaporation, brings about the two 
audible seasons— 7-8 months wet and 4-5 months dry— which are 
important in maintaining uniform feed supplies from grazing. 
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TABLE 1.2 

Mean monthly dry bulb temperatures (°C) and precipitation (cm) for a representative 
area of the tropics , subtropics, and temperate zones. 


Months 

Tropics 

Subtropics 

Temperate 

(Cartagena, Colombia: 
elev., 5m; lat. 10 a 28'N) 

(New Iberia, Louisiana: 
elec., 6m; lat. 30 a N) 

(Binghamton, New York: 
elev. 264m; lat. 42°5’N ) 

Temp. 

Prcc. 

Temp. 

Free. 

Temp. 

Prec. 

Jan, 

27.2 

0.0 

13.3 

13.4 

-3.3 

6.8 

Feb. 

27.2 

0.0 

14.4 

11.4 

-3.3 

5.6 

Mar. 

27.8 

0.2 

15.6 

14.7 

1.7 

7.4 

Apr. 

28.9 

1.5 

20.0 

12.4 

7.8 

7.8 

May 

28.9 

8.4 

23.9 

12.7 

14.4 

9.4 

June 

28.9 

13.0 

27.2 

12.7 

19.4 

9.1 

July 

28.9 

7.1 

27.8 

16.5 

21.7 

9.4 

Aug. 

28.9 

12.7 

27.8 

13.2 

20.5 

8.9 

Sept. 

28.9 

13.2 

25.6 

12.4 

17.2 

8.4 

Oct. 

28.3 

22.3 

20.5 

7.1 

10.6 

7.4 

Nov. 

28.3 

11.4 

15.0 

11.7 

5.0 

6.9 

Dec. 

27.8 

1.0 

13.3 

14.0 

-1.7 

6.1 

Annual 

28.3 

90.4 

20.5 

151.9 

8.9 

92.0 


Source: McDowell, 1966. 


In Figure 1.3 the ordinate values are expressed as percentages of 
the highest quality and quantity of natural forages available during the 
year, with the other months expressed as deviations from the high 
period. As best as can be determined, the duration of the peak period 
is nearly the same in each of the three areas. The rapid decline in the 
summer months can be attributed largely to changes in the quality of 
the forages; consequently, the major differences among the three en- 
vironments arise during the cooler, or drier, months, as the case may 
be. The horizontal line (M) in Figure 1.3 shows the approximate 
marginal point between the animal's needs for maintenance alone 
versus maintenance plus body weight gain. Comparison of the cor- 
responding periods below the line indicates that the portion of the 
year during which natural feed supplies would be marginal to sub- 
marginal is nearly the same (7 months) in all three areas. 

When there is high variability in feed supplies, marked fluctua- 
tions arise in the rate of weight gain of grazing animals (Figure 1.4). 
The rate for cattle more than 1 year of age may reach 0.6 kg or higher 
per day, but this normally lasts only 1 to 3 months. During the dry 
season in Colombia or the winter months in Louisiana losses in body 
weight may occur at a rate of 0.4 kg per day even though some graz- 
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Months 


FIGURE 14 , , , 

Illustration of seasonal changes in feed supplies and 
fluctuations in weight gam per day throughout the >ear for 
cattle on unimproved tropical pastures (From McDowell. 

1966) 

ing— albeit of poor quality— is available With losses of this magni- 
tude, the net rate of daily gain for the year is between 0 2 and 0 3 kg 
pet day The major part of the feed supplies thus goes just to satisfy 
maintenance requirements 

Where the duration of the rainy season is only about 4 months, as 
it is in most of India, or 5-6 months, as m large areas of Africa, the 
decline m availability of feed due to irregular rainfall, coupled with 
land shortages and existing agricultural practices, makes the livestock 
feeding problem acute In a typical rural village of about 50 house- 
holds in the central plains of India, the villagers cultivate approxi- 
mately 165 hectares of tillable land and use 12 or more hectares as 
communal grazing lands The latter are ordinarily eroded, rough, and 
generally unsuited for cultivation under present agricultural practices 
(Nightingale, 1969) The villagers own 20 pairs of bullocks, which are 
used for field work, plus 80 additional cattle, which besides providing 
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replacement bullocks, produce dung for fuel and milk both for home 
use and for sale in a nearby town. The cattle are given the grass grown 
along the borders of the cultivated plots, and also weeds and grasses 
harvested from die fields while the crops are growing. In the dry 
season the animals subsist mainly on wheat or rice straw. The total 
feed energy needed by the animals for reasonably good performance 
far exceeds diat available. There are no crops grown especially for 
feeding the cattle due to the need to grow food for human consump- 
tion and the insufficiency of the rainfall under existing methods of 
tillage and crop harvesting (Mellor, 1966). 

The serious variations in feed supplies occurring in all latitudes 
indicate that providing for the continual needs of livestock is a com- 
mon problem. There are, however, also inhibitors peculiar to warm 
climates, some of which relate to methods of agricultural production 
and others to the effects of climatic conditions on the characteristics 
of the forages available. Forages can be produced in abundance, par- 
ticularly in warm, humid areas, but they are generally low in protein 
and digestible energy for reasonable levels of animal performance. In 
contrast, the grasses of the 40-50° latitudes have considerably higher 
nutritive value, except at the most advanced stages of maturity. As 
they advance beyond a few weeks’ growth, most tropical forages have 
a characteristically high lignin content, which influences both 
digestibility and the amount the animals will eat. The tropical grasses 
also tend to be lower in soluble carbohydrates than the temperate 
zone forages. As a consequence, the sugar-protein ratio in tropical 
grasses is usually at a level below that for producing enough lactic 
acid to make acceptable silage. Lack of suitable legumes is another 
serious handicap in much of the region. 

Consistently low animal nutrition leads to high susceptibility to 
disease and parasites. Diseases specific to certain parts of the region 
such as rinderpest and East Coast fever, along with many other 
diseases and parasites, cause exceedingly high losses in animal pro- 
ductivity. Even so, the animal health problems that are, in general, 
worldwide, such as mastitis, tuberculosis, brucellosis, nutritional 
disorders, and diarrhea, cause the greatest losses by both death and 
morbidity in the N-S 30° latitudes. Accordingly, the problems asso- 
ciated with animal health exceed those of temperate regions. 

The problems of poor nutrition and disease are often worsened by 
an excess of animals to be supported by the environment This is 
brought about largely because individual fanners and community or 
tribal groups do not regulate their stock numbers according to avail- 
able feed supplies. Keeping animals is, of course, a natural hedge 
against total loss from epidemics and other natural disasters 
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Much of the time the prevailing temperature and humidity in the 
warm climate region imposes stresses on animals. When this tran- 
spires, the animals must expend extra energy if they are to maintain 
their thermal balance. This results in a low input-output efficiency of 
feed energy for productive processes as compared to that of cooler 
climates (McDowell, 1968). 

The fact that programs for genetic improvement in the warm cli- 
mates are few constitutes yet another inhibitor to successful livestock 
enterprises. There are very few organized systems of record keeping 
including more than single herds, and consequently there is little 
emphasis on selective breeding through progeny test. In general, the 
genetic potential of the animals indigenous to the warm climates is so 
low in many places that commercial animal production cannot be a 
paying business. Many of the stocks are extremely small (Figures 1.5 
and 1.6). This characteristic does afford distinct advantages for the 
animal’s survival when food is scarce, but it is a serious disadvantage 
for greatest efficiency in growth or milk yield with reasonably good 
levels of feeding. 

Incentives to increase production are often low for the majority 
of the livestock owners because of inadequate marketing organiza- 
tions including processing and storage facilities for providing reliable 
supplies of products to consumers and feed to producers. Poor trans- 
portation is another serious deterrent to producer incentive. For ex- 
ample, after cattle have been trailed a distance of 400-600 km, there 
may be little profit from their sale because of the weight shrinkage 
(Figure 1.7). Transportation is also a problem in handling feed sup- 



ricuuE 1.7 

Croup of cattle Arriving for rn.rrl.el in Ibadan. Nigeria after beiiiK trailed from near 
Kano 600 km to the north. (Courtesy J. K. Loosli, Cornell University 
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or tillage and irrigation are earned out with animal power (Figures 
1 10 and 111) 

The system ofland tenure can be a further inhibitor to potentially 
successful livestock enterpnses since many of the owners reside away 
from the farms They have other interests and income, hence they 
give little attention or guidance to those working with the stock If the 
operation is on an owner tenant share basis, the owner generally 
forces the tenant to bear the major burdens of the fluctuations m live- 
stock output resulting from drought or a serious outbreak of disease 
A major inhibitor to efficient livestock production may often be 
the traditional cultural practices of the particular locality For in- 
stance, in the central plains area of India it would be wise for farmers 
to dispense with at least half of the cattle and to use all of their feed 


resources for the remainder Although this thinning practice has been 
advocated, it cannot as >et be implemented because of the existing 
stigma against slaughtenng cattle But perhaps of even greater sig- 
nificance to the problem is the lack of cheap sources of household fuel 
other than animal dung Villagers would be very reluctant to rehn 
quish not only their sole supply of Riel but also the cash returns 
realized from the sale of cow dung cakes to urban areas In some 
localities ov er 60% of the annual cash income of rural villages is from 
the sale of dung (Nightingale, 1969) 
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educational h e US an f ^ ^ eart ^ °f appropriate technology, poor 
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given good performance from 




FIGURE 1.13 

Holstcins and Holstein-native crosses on an excellent pasture of Pangala 
grass in the hill region of central Puerto Rico (Courtesy of R. Caro-Costas 
Puerto Rico Agric, Exp. Sta.). 
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plies as a large amount of labor is required for harvesting and trans 
porting the feed to the animals (Figure 1 8) 

Where the principal objective of the farm enterprise is the pro 
duction of crops the methods of production are frequently so time 
consuming that neither the fanner nor his family has the time or the 
energy for developing feed supplies for livestock This applies 
whether all the work is done by hand as illustrated in Figure 1 9 



FIGURE 1 8 

Donkejs are frequently used for the 
transport of green cut forages for 
feeding cattle and buffaloes in Egypt 
In winter it is Berseem clover and 
in summer t is fodder stripped 
from growing maize 






figure 1.10 

Preparation of land with wooden plow and team of oxen by two to four plowings 
consumes a lot of precious time where the favorable growing season is 
restricted to a few months by low rainfall. (Courtesy H. C. Pant). 



| 
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grazing solely on highly fertilized, well managed pastures of ini- 
proved species of grasses (Figure 1 13) 

The Kaira District Cooperative Milk Producers Union in the area 
around Anand, India represents an excellent example of h°w sma! 
farmers can be helped to overcome many of the inhibitors to prohtatJie 
livestock production in that locality These are all examples oi wliat 
can be done, but unfortunately, for reasons both known and unknown, 
the vast majority of livestock producers have experienced little or no 
change for the better 


THE NEED FOR 
LIVESTOCK IMPROVEMENT 

Since livestock provide for three products important to human wel- 
fare and economic development, namely, food, fibers, and finance, the 
improvement of livestock production seems to be a worthy objective. 

There is a great need for better food supplies At present the daily 
per capita consumption of animal protein in the warm climates aver- 
ages no more than 18 grams, which is 30% lower than the world aver- 
age and 60% less than for countries in the 40-50° North latitudes 
North Americans consume an average of about 1 liter of milk, in 
vanous forms, and 1 egg per day In southeast Asian countries, with 
only 220 kg of grain per person per year, and very little of that going 
for feeding livestock, the average consumption is only about 1 liter of 
m ‘ lk ever y ^ weeks and 1 egg every 10 days Many of the people 
whose diets are most in need of improvement have a notoriously poor 
recor o acceptance of new foods, but in these areas livestock are 
a ready widely distributed and their products accepted Thus live- 
stock production is particularly important here 

maJ0 ' reason for improving livestock production in the 
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alcnlmr? r rV ' CeS ,° ther than food Th <^ include power for 
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to 0.2 tons in Indonesia. These wide variations in production of meat 
and milk indicate an important reason why so many countries are 
deficient in animal protein for human food, but they also indicate the 
possibility of overcoming these deficiencies. Although lying outside 
the warm climate region, Japan’s efforts to fit dairy production into its 
pattern of agricultural production (Yang, 1962) represent an example 
of ho w a country, even with the most intensive cropping system in the 
world, can add to its animal protein supply through dairy production, 
if it has the desire to do so. 

When the annual extraction rate of animals kept for meat produc- 
tion is less than 15% per 100 animals maintained, the contribution to 
agricultural production, in proportion to the enormous amount of 
natural resources (including land and labor) invested in these animals, 
is very low. Latin America, for example, has twice as many cattle as 
the U.S. but produces less than half as much beef. The ratio of pro- 
ductivity is 1:4, meaning Latin America feeds four times as many 
cattle as the U.S. to produce 1000 kg of beef. This ratio must be nar- 
rowed to expand food supplies as well as to improve farm income. 

Expansion of animal products could also help to diversify ex- 
ports. Good quality meat, for which world demand is vigorous, could 
be an important export for warm climate countries, especially in view 
of the difficulties of competing with other countries in manufactured 
goods. 

Without breakthroughs already taking place in food grain produc- 
tion, it is logical for livestock production to serve as a complementary 
rather than competitive enterprise. Cattle and other livestock, by 
utilizing surplus grains and residual crop materials, effectively act as 
a market stabilizer for grain and provide returns from products that 
would otherwise go unused. With crop rotation necessary for best use 
of the improved varieties of cereal grains, livestock can also serve to 
provide a return from grasses or other crops used in the rotation 
scheme. 

In many places, mostly around urban centers, the by-products 
from the processing of foods for human consumption are rarely uti- 
lized as fully as possible. Thus even though land costs in such areas 
may be high, well operated livestock enterprises could turn a profit. 

It has been demonstrated that small fanns with livestock gen- 
erally fare better economically over a period of years than small 
Farms relying solely on crop production (Deans, 1969). This is be- 
cause crop farmers may suffer complete loss from a drought, whereas 
fanners with livestock have some reserves for their own food needs 
or can generate capital for crop renewal through the sale of livestock 
without incurring heavy debts. 
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Seemingly, the case for more efficient livestock production in die 
warm climates is a good one in spite of the many potential inhibitors 
But if the producers of livestock and poultry are to meet the chal- 
lenges, they must be prepared to make changes If they are to breed 
and manage livestock m a fashion that will produce efficiently and re- 
turn a reasonable profit, they must increase their understanding of 
animal breeding, physiology of reproduction and nutrition, and the 
complex problems of feeding, management, and marketing They 
must become more cost-return oriented and more aggressive in co- 
operative efforts among themselves in order to better their own wel- 
fare and to enhance their reputation with consumers through having 
uniformity of supply and good quality products It is against this 
background that we undertake the study of why livestock production 
is low in the warm climates and how we might bring about adjust- 
ments 
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The Physical Environment 


Domestic livestock are essentially our factories or chemical plants 
for conversion of the potential energy of feed into forms having utility 
or man As with all factories, it is economically desirable for the ratio 
oi useful output to input to be as high as possible Many of the com- 
ponents of the surroundings imposed by both nature and man in- 
Buence the input output ratio Collectively these are referred to as the 
LS“ nm ?a nt , T° r near optimum ™tio in cattle, sheep, or 

hke r Cl, T" C e " V,r0nment hav '"« » tem - 

Of Z°l ^7 18 c ' 3 relat ‘ ve of 60-70%, a wmd velocity 

to it Z ” Per h0Ur) ' and 3 medlum level of solar rad.a- 
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livestock operators must consider ways of modifying the impact of 
the environment on the performance of their animals. Some under- 
standing of how the various elements of the physical environment in- 
fluence the animals both directly and through their interactions, is 
extremely important. The last two decades have seen a rapid develop- 
ment of interest in understanding climate-plant-animal relationships. 

Improvements in the precision of estimating the environment in 
relation to agricultural and animal production stemmed largely from 
the development of the field of biometeorology, the study of the direct 
and indirect interrelationships between the geophysical and geo- 
chemical environment of the atmosphere and living organisms, plant 
and animal. Although much remains to be learned in this field, the 
principles already established could aid livestock producers in their 
decision making. 

Before proceeding, a few key terms should be defined. “Weather” 
comprises the group of day-to-day, changing meteorological condi- 
tions, such as temperature, precipitation, and air movement; “climate” 
comprises the average weather conditions of a region, or in other 
words, the average values of the total group of meteorological phe- 
nomena over several years. “Macroclimate” refers to the conditions 
prevailing in a region or country; “microclimate” refers to the condi- 
tions the animal is exposed to directly at any given time. 

Since man’s physiological processes are very sensitive to changes 
in temperature and air movement, and to a somewhat lesser degree to 
the humidity of the air and the solar radiation of the surrounding en- 
vironment (microclimate), man has looked primarily at the direct 
action of these elements on the performance of his animals. The prob- 
lems of livestock management would be simplified if it were neces- 
sary to consider only the direct effects of the microclimate on the 
animal. But, in most situations, this would be an oversimplification as 
the indirect effects, operating through the feed supplies or other 
factors created by the macroclimatic environment, often confound the 
solutions and many times far overshadow the direct effects of the 
climatic elements. As man attempts to modify environmental condi- 
tions to attain satisfactory animal functioning, he must consider both 
the micro- and macro-climatic influences. 


THE ENVIRONMENTAL VARIABLES 


In Figure 2. 1 the elements of the animal's usual physical environment 
arc portrayed as spokes of a wheel. In this illustration, man serves as 



Environment 
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illustrated in Figure 2 2 When several spokes of the wheel collapse, 
the environment is such that the animal becomes submarginal in 
both efficiency and total productivity 

A further complication of keeping the environmental wheel m 
balance is that traditional animal husbandry practices, such as fencing 
animals to keep them from reaching shade during the hottest part of 
the day or placing them m an enclosure to prevent grazing during the 
cooler evening hours, frequently prevent appropriate judgment of the 
direct effects of climatic conditions on animal comfort and perform- 
ance 


It is readily apparent from Figures 2 1 and 2 2 that an awareness 
of the average expected climatic conditions, their seasonal variations, 
and the extent and duration of extremes can be valuable in determin- 
ing (1) the general feasibility of livestock production in an area, (2) 
the practices most suitable for feed production, (3) the probable needs 
for animal housing, and (4) the best general scheme for animal 
management 


The extent to which meteorological data can be helpful depends a 
great deal on the intensity of the livestock enterprise If an intensive 
broiler production plant is planned, information on the prevailing 
temperature and humidity conditions, along with the extent and dura 
tion of extremes in these elements, would serve to determine the most 
suitable structure for housing the birds If temperature conditions 
during part of the year are likely to reduce the efficiency of feed uti- 
1Zai ? n * ,, °P erat or's knowledge of prevailing climatic patterns 
could help him decide whether to provide a,r cooling or to curtail 
rwh n l dUnn8 r the Sea , SOn 0f greatest sfress 0n contrary, the 
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livestock production as choice of enterprise, selection of breeds, and 
management of feed supplies. Since there are areas, even in these 
lower elevations, where the duration of the extremes of climate does 
not create serious stress conditions for most domestic livestock, we 
shall restrict our discussion to the areas where the mean monthly 
temperature exceeds 24°C for 5 months or more. Such a period of high 
temperatures can be considered severe enough to create special prob- 
lems for livestock handling. Areas that fall into this category, whether 
they be high or low in humidity, will introduce limiting agents for 
animals in the form of poor nutrition, interference with the desired 
level of reproductive efficiency and increased problems of disease and 
parasitism. 


THE CLIMATIC ELEMENTS 

In discussing the restrictive forces of climate in relation to animal 
production, most writers have used very broad classifications, for 
example, hot, humid or hot, dry. These are helpful to some extent 
but they are too broad for use with any degree of satisfaction in de- 
termining problems of animal husbandry. The current discussion of 
climatology will be oriented specifically toward climate in relation to 
the performance of farm livestock and demonstrate that some knowl- 
edge of expected occurrences of temperature, humidity, solar radia- 
tion, rainfall distribution and air movement is useful in determining 
the best means for maintaining the highest efficiency of performance 
by livestock. A text on climatology, such as Critchfield (1966) will 
serve to explain the nature of climate and some of the causes for the 
patterns that prevail in the warm climate regions. The features of 
equipment for measuring the climatic elements and recommendations 
on evaluation of data collected at a location are described in Nat’l. 
Acad. Sci. (1971). 


Air Temperature 

Importance 

Air temperature is probably the most important single biocli- 
matic factor in the animal's physical environment. It has no rigorous 
definition as it is a relative term implying a degree of molecular ac- 
tivity, or heat of a substance. For practical purposes, the gross tern- 
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perature regime of any large area is determined by the amount of 
solar heat that falls upon it from one season to another The amount or 
solar heat depends upon the angle of the sun and the characteristics 
of the atmosphere Impurities in the air, such as dust, smoke, and hig 
water vapor content, reduce the heat energy reaching the earth s 
surface Clouds also absorb solar energy, making the air temperature 
of the warm, humid tropics lower than that of hot, dry regions 

The temperature of the ambient or surrounding air about an ani- 
mal’s body is extremely important to its comfort and general function- 
ing of physiological processes Heat normally passes by conduction 
from the warm skin (about 33°C) of most species of livestock to the 
cooler air around it But as air temperature nses above the comfort 


range (13-18°C), the heat loss diminishes and if air temperature ex- 
ceeds skin temperature, heat will flow in a reverse direction This 
can become a serious problem m hot, dry areas When air tempera- 
tures are low (<5°C), heat flow from the animal’s body will be ac- 
celerated to the point of discomfort and lowered efficiency of per- 
formance (See also Chapter 3) 

Besides heat from the air, the animal may be heated or cooled by 
the temperature of objects in its surroundings The most important 
source is heat from the ground Solar radiation heats dry soil rapidly, 
thus by mid afternoon an animal grazing on semi and and and areas 
may be exposed to a ground surface temperature >40°C This level of 
temperature causes the ventral body surface to take up a significant 
amount of heat However, the soil of hot, dry areas cools rapidly after 
sunset which gives the animal an opportunity to lose any stored body 
heat rapidly by conduction to the cooled ground Frequently the 
ground surface temperature declines below 5°C which adds stress to 
facJT^U ^ CaUS , mg e ; CCSS,Ve heat loss hom Us body Ground sur- 
slowlv thprefrf 16 W * a green ve 6 e *ation or moist soils heat more 
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1000 m, ambient temperature conditions will not create stress on 
animals. 

The prevailing temperature conditions have a very pronounced 
indirect influence on livestock through feed supplies and animal 
health problems. These relationships are discussed in Chapters 6, 7, 
13 and 14. 


Measurement 

To measure the temperature of a body, an arbitrary scale of 
reference is employed. The two most common scales are the Fahren- 
heit and the Centigrade, or Celsius, scales. The most widely used 
measures of air temperature are the maximum and minimum tempera- 
tures. The average of these provides an estimate of the mean daily 
temperature. These three temperatures are useful for evaluating the 
thermal environment of a location in several respects. If data are ac- 
cumulated over several years, the averages of each can be used to 
characterize expected conditions of temperature for various periods 
or seasonal trends. 

It is possible for two locations to have nearly identical mean daily 
temperatures yet differ enough in their environments to require quite 
different management practices for livestock. For this reason, the 
maximum and minimum temperatures ought also to he examined for 
determination of the extremes of each and the range of daily varia- 
tions. In an area where the humidity is high the difference between 
the daily maximum and minimum temperatures may be 8°C or less. If 
the minimum is near 24°C, die animal will likely be under some de- 
gree of diermal stress for almost the entire 24-hour period. Whereas, 
in a hot, dry climate the difference between the maximum tempera- 
tures may be 22°C or greater. Such a large difference means that night 
temperatures are within die comfort range for livestock. A cool night 
allows the animal to restore its thermal balance before encountering 
further stress the following day. Therefore, the best management sys- 
tems for die two areas would be quite different 

A more precise estimate of the duration of stress, but one requir- 
ing more frequent observations of temperatures, is the percentage of 
the 24-hour period when the temperature exceeds 27°C. For example, 
the mean monthly air temperatures for Shreveport, Louisiana during 
May, June, July and August are approximately 23, 28, 28 and 29°C, 
respectively; but the corresponding percentages of time when the 
air temperature is expected to exceed 27°C are 26, 38, 60, and 62%. 
This shows a marked contrast in severity between June and July. At 
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Brownsville, Texas, the mean monthly air temperatures for May 
August are 26, 28, 29 and 29°C, respectively, the expected percentages 
above 27°C by months are 44, 65, 72, and 70% The monthly means lor 
Shreveport and Brownsville are similar from June to August, but dif- 
ference between the two locations in frequency of occurrence of tem- 
peratures >27°C ranges up to 27% 

Air temperature data for much of the N-S 30° latitudes are pres- 
ently insufficient to characterize temperature patterns Collection of 
such data is well worth the effort for developing guidelines for live- 
stock management It is not possible to establish mean daily averages 
that would serve for a day-by-day prediction or even for weeks beyond 
50% reliability but with 5 years of data such values fall within a work- 
able range (±3°C) 


Atmospheric Humidity 
Importance 

The animal s physiology As mean daily temperatures fall out- 
side the 13-18°C range, other climatic variables assume greater sig- 
nificance in the homeostasis of the animal The water vapor content or 
humidity of the air offsets importantly the animal’s rate of heat loss 
The rate of cooling by evaporation from the shin and the respiratory 
tract depends largely upon the humidity of the air (See Chapter 3 for 
a descnphon of the evaporatton process) If the humidity is low, as it is 
ranidlv 1^“'*^ T POIat,on takes p,ace rapidly- sometimes too 
other haid^rt, to , skln ‘ mta “ on ="d general dehydration On the 
evanorahon ‘t h t™"^ h,gh ’ “ °““rs » humid areas, 
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sp.ratory^olume"!, 1 !nt!"JL f WrT ,rat0 ^ ^ m kcal/hr ’ V= re ‘ 

Hg, and P»=* saturation V anL« ’ P * ~ apor Pressure of air m mm 

If the air temperature is 29"C and th b ° dy lemperature m mm H S 
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(60% relative humidity) and a cow expires 130 1 of air per minute, she 
loses about 2.07 kcal/m 2 of body surface per hour. If the vapor pressure 
increases to 29 mm Hg (90% relative humidity), with respiratory 
volume and air temperature unchanged, the rate of heat loss is re- 
duced about 25%. 


Skin surface evaporation //„ = 


K„ (Pc ~ P„ ) 

Ttt -t- r c 


where H„ = heat loss from body surface (kcal/m 2 ), K^ s = constant de- 
pending on units used (5 for kcal/m 2 body surface per hour), P c — 
vapor pressure of skin surface in mm Hg, P„ — vapor pressure of am- 
bient air in mm Hg, r„ = resistance of ambient air (wind velocity), 
and r c = resistance of hair coat. 


Disease. Humidity also poses problems to the livestock industry 
by creating conditions conducive to disease, lowering feed quality, 
and accentuating mineral deficiencies in the soil and forages. High 
humidity, in particular, provides suitable environments for (1) free 
living disease organisms, (2) insects and other vectors of infective 
agents, (3) potential reservoir hosts and (4) maintaining suitable con- 
ditions on the skin for growth of bacteria, fungi, and ecto-parasites. 
This is very important in livestock production because where the in- 
cidence or severity of disease constitutes a major economic barrier, 
other modes of climatic action may take second place. Even poor 
nutritional conditions and the direct effects of the climate upon the 
animal may be of minor concern when the economic effects of dis- 
eases are marked. 


Feed Supplies. When the temperature and humidity are high, 
many species of forage plants undergo rapid growth, but with an 
accompanying increase in lignin content and reduction in both nitrog- 
enous and carbohydrate content. The animal then needs to eat more to 
satisfy its nutritional requirements but instead eats less because the 
forages are less palatable. Excess humidity also tends to lower the dry 
matter content of the forage. For example, Napier grass grown under 
high humidity conditions may have a dry matter content of less than 
15% with an energy content of approximately 0.04 Mcal/kg, or 9.0 kg 
of total digestible nutrients (TDN) per 100 kg of green material. 

Housing. Humidity also affects animal comfort in confined hous- 
mg. Because the animals give off water vapor, humidity is increased 
when they are housed in close proximity without sufficient rate of air 
exchange to expel the excess water vapor. 



32 


FACTORS INFLUENCING PRODUCTION 


At high temperatures, both high and low humidities have marked 
effects on the well-being of livestock In warm, humid areas, where air 
temperatures are 21°C or above, humidit> becomes a problem for 
livestock production when the relative humidity is 60% and above, or 
the vapor pressure is above 20 mm Hg In hot, dry areas where air 
temperatures may exceed 32°C and the wind velocity is relatively 
high, low humidity levels (<20% relative humidity or 10 mm Hg 
vapor pressure) become hazardous 

The possibility of indexing the degree of tropicality with a com- 
bined index of temperature and humidity will be discussed under 
climatic classifications The impact of extremes of humidity on normal 
physiological functions and performance will be taken up later with 
the physiology of heat regulation 


Measurement 

It is customary to descnbe atmospheric humidity in terms of 
relative humidity (the ratio between the amount of water actually 
present in the air and the amount it would hold if saturated at the 
same temperature) But the skin and lungs of homcotherms maintain 
a more constant level of temperature, and evaporation from them takes 
place into a contact layer of air at the same temperature So relative 
humidity gives little indication of the ability of die atmosphere to 
accept water vapor from the skm and lungs Vapor pressure (the con- 

Sv. ° f Wa ‘ er VaP ° r ln ' he a,r e *Pre«ed as the fraction of the 
oral baromctnc pressure contributed by the gaseous water molecules) 
Drnvidr*^ measure 0 humidity i n relation to animal comfort because it 
nhere SmcTh 6 PreC ‘ se ® s, ' mate of the water content of the atmos- 
ns temnerah, W ?‘ er Vapor 0,6 a,r ca " hold fluctuates with 

prersme vanes wnh [h T' hum ‘ d “ y “"<*P°nd.n g to a grven vapor 
20 mm He corner. e em P eralure F° r instance, a vapor pressure of 

“a? X“°4XC a 1 100% a ‘ 22 ’C. 50 % at 
directly with a hvirmth,* elative humidity can be measured 

PomtteJperaLres V- ° SraP “ md,reCtly aS wet bu!b or deW 

logical tables usinir air*! 0 ' pressure can be determined from meteoro- 
tive humidity Dew po'm 'rs'?"'!!. 311 ' 1 bulb ' deW p01nt ’ or rela " 
descnbe the water content of arr° .t"*"", frequently employed to 
air would he saturated bv the am’ . V tem P e rature at which die 
The average cbdy max‘ m ,r 7 ° f r“ er PreSent ” 
morning hours and the minimum^ 7** han ’ ldlt >' °eeurs m the early 
vapor pressure and dew nomt- t ear y alt ernoon, however, the 

ew point temperature may be nearly constant 
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throughout the day. Thus, as is often the case, estimates of daily 
relative humidity based on early morning hours (7 A.M.) overaccentu- 
ate the humidity conditions the animals will experience during the 
hotter part of the day. 

Further details on the relative merits of the various measures of 
water content in the atmosphere and techniques of measurement may 
be obtained from one or more of the references at the end of the 
chapter. 


Radiant Energy 

Importance 

Probably the most economical way of assisting an animal to main- 
tain its heat balance in a hot climate is to provide some control over 
the incoming thermal radiation. Radiation from the sun, sky, and sur- 
roundings often adds to the animal's heat load. However, it can or- 
dinarily be reduced substantially with shades or shelters that cut off 
most of the direct solar energy and lower the reflected radiation. 

An animal grazing in an open field is exposed to (1) direct solar 
radiation (visible and short infrared waves) from the sun, part of which 
is reflected according to color and other properties of the coat and the 
remainder absorbed as heat, (2) solar radiation reflected from clouds 
and other particles in the sky, part of which may be reflected by the 
hair coat, and (3) solar radiation reflected from the ground, other sur- 
rounding objects, and the horizon. Of the total radiant heat that an 
animal is subjected to out in the sun, approximately 50% comes from 
the first two sources and the remainder from the third. This, however, 
varies with the humidity. Figure 2.3 shows the sources and the ap- 
proximate proportions in kcal/m 2 h received by an animal exposed to 
the sun on a typical August day near El Centro, California. 

Solar radiation is the radiant energy that comes direcdy from the 
sun which is received at the earth’s surface. The constituent wave- 
lengths range from 0.1/x (equal to 10' 4 cm) in the ultraviolet to 100/z. in 
the infrared, but the energy is not uniformly distributed over the 
whole range. The ultraviolet contributes only about 1%; the visible 
range contributes 40-45%; and the infrared range contributes the re- 
maining 50-60%. 

Terrain is an important factor in determining the amount of ra- 
diant energy in any environment. In general the level of radiant en- 
ergy is negatively correlated with the humidity, but radiation level 
has a high positive correlation with maximum temperature. A white 
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Total radiation «= 663kcai/m 5 h 


FIGURE 2 3 

The radiation received in kcal/irfh by an animal out in the sun on a 
typrnal ! August day near El Centro California. (Adapted from National 


painted surface reflects a high proportion of visible radiation but very 
little long infrared Polished aluminum, on the other hand, reflects 
high proportions of both (85% of the shortwaves and 92% of the long- 
waves, or thermal radiation) and hence takes up very little heat (Table 
. J . n contras J» matte reflects very small amounts of either the 
shortages or longwaves, .1 absorbs most of the heat resulting >n a 
tgh level of emrssivity From these comparisons it is readily evident 

tononXeh ° f r °“ fi , ng raa,enal ca " b e important (See also the sec- 
non on shelters in Chapter 14) 

wav« w!n n e S „T lhe ( ' vavele "Sth I the lower is the probability that the 
then nenetah ,l r co , nUnuous matenals of sufficient size to arrest 
mLTST; f' S L° WerS * e P robab ‘1'ty of reflection and m- 
STSn of alTammlT ^ boa 11 15 ■>« surpns.ng, therefore, that 
may reflect Considenh? S ° r 5 nu,st °f tbe long infrared radiation but 
P ropoS^^ i ; P,1,po * 0 “ of 5b “rt infrared and even greater 
reflect mol, A 'vhite hair coat or feathers can 

o 8n), less of the short infrared (0 ^ S ' b i e radlabon (wavelength 0 3- 
long infrared ^ ^ °f l )t hut practically none of the 

The energy content of the radiatron absorbed by the animal’s 
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TABLE 2.1 

Reflectivities and emissivities (in percent ) of some typical surfaces . 


Surface 

Rcjlectioiiy 

Emissioity 
to thermal 
radiation 

To solar " 
radiation 

To thermal h 
radiation 

Aluminum, polished 

85 

92 

8 

White lead paint 

75 

5 

95 

Light green paint 

50 

5 

95 

Aluminum paint 

45 

45 

55 

Wood, pine 

40 

5 

95 

Brick, various colors 

23-48 

5 

95 

Gray paint 

25 

5 

95 

Black matte 

3 

5 

95 


Source: Adapted from Lee, 1E53 
■Pnmanly shortwave*. 
‘Longwave*. 


body is changed into heat, raising the temperature of the animal ac- 
cording to the ordinary rules of conduction and convection. 

The assessment of the total radiation to which the animal is ex- 
posed and the amount it absorbs or reflects becomes a very complex 
process. Measurement of the sources of radiation is in itself complex 
and still does not describe completely the heat load imposed on the 
animal. The animal's posture, shape, size, frequency of movement, 
and length of hair coat, as well as the angle of the sun and other fac- 
tors make satisfactory measurement of tile incidence on the whole ani- 
mal body little more than a gross estimate. When the sun is overhead 
in a clear sky, the intensity of radiation may be high, but the extent of 
the surface presented to it by an animal may be relatively small in 
proportion to its total body surface. This varies among species. At 
noon, man will have little more than the top of his head exposed to the 
full direct radiation, whereas a sheep will have the full length of its 
body exposed. Because of posture differences, man will have the 
greatest surface exposed between 8 and 10 A.M. and 4 to 6 P.M.; sheep 
will have their greatest surface exposed from 10 A.M. until 12 P.M. 
solar time. As the angle of the sun decreases, the intensity decreases; 
thus a man is likely to receive much less direct radiation during a day 
than a sheep or cow. The calculated heat load of 663 kcal/m 2 h for a pig 
under a noon-day sun (Figure 2.3) does not mean the animal's whole 
body takes up this amount of heat. The actual amount is considerably 
less because of the configuration of surface, reflection, and reradia- 
tion. No one knows what the true rate of exchange is and researchers 
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are reluctant to spend the time required to find out because any esti- 
mate derived would apply to only a single set of micro conditions 


Measurement 


One means that may be used to acquire approximate estimates of 
the total radiation exchange — other than direct solar— of an animal 
exposed to a particular environment is the black globe thermometer, 
which is a sphere fitted with a thermometer, thermistor, or thermo- 
couple for recording temperature The black globe temperature is 
normally 6°C above the atmospheric temperature, so it has been used 
in lieu of the atmospheric temperature to estimate the rate of heat 
gain by the animal m a particular environment 

Since much more research is needed to properly assay the amount 
of radiant energy in particular areas and the amount of heat the animal 
takes on, only general rules can be applied at this time From 6 to 12 
months of the year in the lower elevations of the N-S 30° latitudes, 
the intensity of direct and reflected radiation is such that for 5-10 
hours per day the animal may receive significant amounts of heat The 
radiant heat load is greatest in the afternoon, when the ground radia- 
hon and air temperature are high But the duration of the stress period 
from radiant energy may extend beyond the daylight hours, particu- 
larly if the animals are housed under a shelter that has a high emis- 
sivity of thermal radiation (See Chapter 14 for further discussions on 
best plan for use of shades ) 

m 7 able 2 2 (measured pyranometer as lang- 
day i Sh °*I lhe va " abll, »' place to place of daily solar 
seton F^ * e Summer " ,onths and «h«r change with 

but W P eX H ' thB u S “‘° nS Flonda highest Tn May, 
locanons in V T lower Ln the three 

clouds contnbute tortie In"* 051 areas ( Flor ‘da and Louisiana), 

TOO ly/day is taken as a Wer va “ es ,n ■"idsnmmer The reading of 
such as loimpiTse severe sires would be 

rence of this readme bv m ,i, 0n 0*1 an,mal The variability of occur- 
At Forth Worth TeL a, 31 "! a lll “ n 15 quite hl sh (Tab'e 2 3) 
pected to exceed 700 ly m c balf the days m June would lie ex- 
locations “ l'° ^ ° r in the other 

would be low at all locations A UK ** * nc, dence of direct radiation 

highest in June, X S (dire«?° U 5 ^ ^ radiatl °" leVels are 
through July ani Auguste t o :n and refl * Cted > ”ould remain high 

dry area like Fort Worth Texas 6 gr ° und ra diation, particularly m a 
Th= economic feakihty of provldlng ammah „„„ from 
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TABLE 2.2 

Average doily solar radiation (langleyfday) by months 
for several locations in the southern United States. 


Station 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Apalachicola, Fla. 

577 

628 

629 

566 

518 

431 

454 

Tampa, Fla. 

594 

650 

603 

561 

535 

470 

425 

Jeanerette, La. 

553 

604 

651 

538 

530 

530 

492 

Lake Charles, La. 

523 

586 

635 

538 

543 

491 

443 

Brownsville, Tex. 

507 

576 

647 

643 

598 

498 

449 

Fort Worth, Tex. 

553 

621 

702 

667 

632 

564 

456 

San Antonio, Tex. 

507 

590 

649 

652 

627 

531 

461 

Source: Johnson et at., 1959. 







TABLE 2.3 








The percentage of time the langletjldatj would be 
expected to equal or exceed 700 langley/day. 





Station 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Apalachicola, Fla. 

14 

34 

31 

20 

0 

0 

0 

Tampa, Fla. 

20 

33 

30 

18 

6 

1 

0 

Jeanerette, La. 

24 

30 

39 

19 

12 

0 

0 

Lake Charles, La. 

15 

28 

36 

12 

4 

0 

0 

Brownsville, Tex. 

3 

22 

37 

40 

33 

1 

0 

Fort Worth, Tex. 

24 

43 

64 

49 

28 

3 

0 

San Antonio, Tex. 

12 

31 

39 

33 

15 

2 

0 


Source: Johnson el al . 1959 


solar radiation depends largely upon the intensity of the enterprise. 
As is true for temperature and humidity, exposure to the sun has a 
greater effect on animals fed for high levels of performance than on 
animals on lower levels of feeding. 

One frequently misunderstood aspect of the solar radiation prob- 
lem is the importance of skin and hair coat color in reflectivity capa- 
bilities. Toward long infrared (thermal) radiation, the skin or hair 
coat of an animal, irrespective of color, behaves as a “black body”; 
that is, it absorbs all the incident radiation. Toward shortwave (vis- 
ible) radiation, hair and skin surfaces vary in reflectivity depending on 
color. Most of the reports of differences in reflectivity for animals with 
different color hair and skin have taken into consideration only a por- 
tion of the light spectrum with little allowance given to the longwave 
radiation which is responsible for the greatest part of the radiant heat 
load in the natural environment. This topic is discussed further in the 
section on heat regulation (Chapter 3). 
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Types of Instruments 

The most suitable instrument for measuring radiation depends 
upon the kind of radiation to be measured, such as ultraviolet, vim. 
near-infrared, far infrared or total radiation Therefore, the CJ P jb ‘ 1 ' 
ties of the instrument must be considered The instruments genera y 
used for measurements may be sorted into two groups (1) those ea ^ 
ing with the intensity of direct solar radiation and some of the re- 
flected radiation, and (2) those dealing with all three components- 
direct radiation, as well as reflected and thermal radiation (long in- 
frared) exchanged with the general surroundings For further details 
on radiation instruments, see Reifsnyder and Lull, 1965, Cates, 196_, 
Platt and Griffiths, 1964, Annals of the international geophysical 
year, 1958, and Nat’l Acad Sci , 1971 

Recordings of solar radiation are scant in the N-S 30° latitudes 
This is due to the high cost of instruments This means that some 
other measure must be used, such as hours of sunshine per day. Solar 
intensity can also be estimated from cloud cover, which, as deter- 
mined from standard classification tables in conjunction with stand- 
ard meteorological tables, will permit fairly reasonable estimates of 
the amount of radiation (Cntchfield, 1966) A light meter, used in con- 
junction with cameras, may also be useful for giving reasonable esti- 
mates of solar radiation This type of light meter responds only to the 
visible portion of the solar spectrum and measures m foot candles 
(illuminance of 1 lumen/ft 2 ) If the visible portion of the light spec- 
trum is assumed to be a constant proportion (43% of the direct radia- 
tion), an estimate can be obtained of the total direct solar radiation, 
but not of the reflected or thermal 


Air Movement 
Importance 

rate In TT ° Ver ,he skm of an anlmal a <?ects U ’ e 

praeK on W .*1 V surf “= This is a relatively simple 

P ocess on bare skm, but hair, wool, or feathers complicate the Proc- 
ess Increased air flow will i u 1 ,Icaie 1110 P roL 

hire is nresent tfcT.v ? ! P , loss by evaporation when mois- 
effect on the animal i*”’ ^°t t 'T ben moisture supply is low, the 
rapid the air movemenb'the^no^ '"“tfV^-tures, the more 
peratures (29°C nr WL \ a, rapi ^ ^ oss °f heat, at high tem- 
Ls Tn heaflo^s fromtel t, reVerS ! may be «™= A ' r movement 

hire ,s lower than skin tempe n ramre 0 Bu U t C whenth 0ng “ a ‘ r tempera ' 
v e Kut when the air temperature is 
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higher than skin temperature, the skin will gain heat from the sur- 
rounding air. And increased air movement will only raise tills gain. An 
increase in air flow will often have the same effect as a rise in air tem- 
perature, and increased air movement will also indirectly affect the 
amount of radiant heat an animal receives by altering the temperature 
of surrounding objects. 


Characteristics of Air Movement 

Air flow is usually described as directional or turbulent (rota- 
tional). Air flow in a hot, dry area should ideally remain around 8 
kmph or less during the day to prevent excessive drying and heating of 
the animal's body. But after sunset, a rate of 8-16 kmph would help 
to speed restoration of the animal's heat balance, provided the night 
air temperature did not drop to the point where an excessive amount 
of heat would be drawn from the body. Generally, in hot, dry climates 
the characteristic rate of air movement is undesirably high for live- 
stock indicating that consideration should oftentimes be given to 
providing some means of protection. In hot, humid environments, on 
the other hand, low air movement is characteristic; consequently, air 
movement below 5 kmph and even the small irregular movements 
should be of concern. For instance, cattle, sheep, or swine kept in a 
small lot surrounded by a board fence, rather than a wire fence, will 
lose much of the benefit of the minor air movement. For this reason 
the provision of shade for livestock is of questionable value in the real 
humid regions because the congregation of animals may so reduce air 
circulation, and thus restrict heat loss by evaporation and convection 
that the net effect of shade will be nil. 

The low rates of air movement are the most valuable indicators 
of animal comfort. They are also the most difficult and expensive to 
measure since they are near or below the range of most standard 
recording equipment. In general, there is little need for concern 
about flow rate in the 8-20 kmph range and there are no serious prob- 
lems encountered until tire rate exceeds 30 kmph. Beyond this point, 
protective methods are of concern in both hot, dry and hot, humid 
areas. 

Near the equator is an area of calms, known as the doldrums. In 
this zone, little air movement can be relied upon unless it is created 
by local topography such as mountains. To the north and south of the 
doldrums lie the two trade wind belts, in which the wind blows per- 
sistently, especially over oceans, at mean velocities of 16-32 kmph, 
according to season. The trade wind belts are majorcontributors to die 
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seasonal air movement patterns in the N-S 30 area The Gulf 
area of the U S represents the northern belt of influence in the west- 
ern hemisphere The “trades” blow from the northeast in the northern 
hemisphere and from the southeast in the southern hemisphere Over 
the continents in the summer, these trade winds are usually replaced 
by winds blowing toward the center of the continent on all sides 
The local topography frequently dominates wind patterns Val- 
leys tend to channel air movement to their own axes, while contours 
opposed to the directional flow of air produce upcurrcnts on the wind- 
ward side, reversed eddy currents over the crest on the leeward side, 
and calms at the base of the leeward side when the slope is steep 
These features of the topography can be useful in the placing of 
animal shelters Since winds shift direction with season and time of 
day, these shifts need to be taken into account in determining the 
suitability of hills versus valleys for day and night grazing 

In addition to the impact of air movement on the conductive- 
convective heat loss of the animal, there is a psychological aspect 
to consider where extremes are likely to occur— for example, blowing 
rains in the wet tropics or monsoon belt or high air velocities over 
dry areas Where dust storms may persist for several days, sheep will 
huddle and avoid grazing In their struggle to move toward the center 
of the huddle, animals may be trampled or smothered Dust storms are 
thus a major worry for sheep herders in parts of North Africa and 
Middle East 


Results from experiments in southeast Georgia showed that dur- 
ing a blowing rain lactatmg cows without shelter made the best of the 
situation and continued to eat, while cows with access to a shed en- 
closed on three sides rehised to cross a short open spaLe to a feeding 
tmu „ e f n M d 'T SldeS J 1 " 5 meanl the ha V silage consump- 
penods of indement S weather CreaSe<I “ “ 5 ° % per djy du " n>? 


Measurement 

Hon unit consistmg o7a w^°v^and U1PPed Wlth a ' Vlnd observa ‘ 
top of a support column a anemometer mounted at the 

and die *• '™d direction, 

movemenltee\t“a, 1 0 ol\ n fT en ' at r° n f<>r measa "ng rate of air 
A convenient sclle ° S — publication (1971) 

shown in Table 2 4 g 1 of alr mov ement in the field is 
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TABLE 2.4 

Scale fur estimating rate of air movement. 


Description 

Rate ( kmph ) 

Behavior of objects 

Calm 

Less than 1 

Cahn; smoke rises vertically 

Light air 

2-5 

Direction of wind shown by smoke 
drift but not by wind vanes 

Light breeze 

6-11 

Wind felt on face; leaves rustle; ordi- 
nary vane moved by wind 

Gentle breeze 

12-19 

Leaves and small limbs in constant 
motion; wind extends light flag 

Moderate breeze 

20-29 

Raises dust and loose paper; small 
branches are moved 

Fresh breeze 

30-39 

Small trees in leaf begin to sway; 
crested wavelets form on inland 
waters 

Strong breeze 

40-50 

Large branches in motion; whistling 
heard in telegraph wires; umbrellas 
used with difficulty 

Very strong 

51-62 

Whole trees in motion; inconvenience 
felt in walking against wind 

Moderate gale 

63-74 

Breaks twigs off trees; generally 
impedes progress 

Fresh gale 

75-87 

Slight structural damage occurs (roof 
shingles removed) 

Strong gale 

88-101 

Seldom experienced inland; trees up- 
rooted; considerable structural dam- 
age 

Whole gale 

102-117 

Very rarely experienced; accompanied 
by widespread damage 

Hurricane 

120 & over 

God bless us all! 


Bainfall 

Importance 

The major inliuence of rain on livestock in the N-S 30° areas is 
indirect, the result of its influence on feed supplies and on disease 
and parasitism. 

In some parts of the tropics, the intensity of the rainfall is so high 
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at times that the soil cannot possibly absorb the rain as it falls Th 
amount of min falling in a given time, its durahon, and the condition 
of die soil all influence the amount of water that will go into the sub 
soil beyond the normal root depth for the vegetation The extent to 
which sod moisture is available for crop production depends not only 
on the total annual rainfall but also on the seasonal distribution and 
the intensity of the rainfall, the condition of the soil, the vegetation 
cover, and die rate of evapo-transpirabon 

To the livestock producer the seasonal rainfall pattern is very 
important because it determines (1) the amount of feed that can be 
produced, (2) the length of time forages maintain high quality, (3) the 
grazing practices that can be employed, (4) the requirements for 
stored and supplementary feed supplies, and (5) the type of feed 
preservation system that will be most useful Penods of heavy rainfall 
increase the water content of the forages, thereby limiting the amount 
of nutrients the animal can obtain because of the physical limitations 
on total intake 

Table 2 5 shows the monthly distribution of rainfall at Jeanerette, 
Louisiana, and the number of days per month when rainfall is likely 
to exceed 0 025 cm per day Except for October, the average monthly 
precipitation is sufficient for crop production The normal season of 
seeding for hay crops is Apnl-Nlay The temperature, humidity, and 
amount of rainfall for June and July are conducive to rapid growth For 
peak quality hay, it should be cut in late June or early July, but in 
July the probability of getting 3 or more days in succession of good 
drying weather is less than 10% Since the high level of humidity 
prevailing at that time accentuates the problems, the opportunities 
tor making hay from June through August are restricted Based on 
ram&ll d^tnbuUon, October would be the best tune for hay making, 
but by that time the plants would be so mature that the quality of the 
ensilTno it, 6 P °° r 'Probability for obtaining better quality by 
set the'rmn Crop , w °“ ld be much b e«er Even so, itwouldbe best to 
pro^biliw of" 5 n b a J " ly ° r after ™' d -August to maximise the 
scheduled so Cif E °° r X'* Tbe Piling should be 

which tC hm,; of b r, est wdl respond to the period at 

crop F« Ser d,s “ ' ' "\ be for handling the 

supplies, see Chapters 6^ U ““h 111 relatlon to handling feed 

well A rt"oXs?aso"' n D mc, ,mPOrtan r t m •""* Ph»n»* as 

ability Figure 2 4 shows i° n * eet * sup P^ ies ,s rainfall reli- 

>car penorUt JeanemTe v, — a 20- 

annual means 'are StjmT ^ ‘ 


India The average 
1 res P ec tively, but the variation 
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TABLE 2.5 

Average rainfall ( 1953-1967 ) and number of days per month 
with rainfall >.025 cm by months at Jeancrette, Louisiana 
(29 a 56' north latitude, 8 m elevation). 


Months 

Rainfall 

(cm) 

No. days/ month with 
.025 cm or more 

January 

11.7 ± 5.9 

5 ±2.4 

February 

14.2 ± 8.8 

7 ±2.8 

March 

8.6 ± 5.8 

5 ±2.2 

April 

11.7 ±6.9 

5 ±2.2 

May 

12.4 ± 6.7 

6 ±1.9 

June 

17.3 ± 7.8 

9 ±3.0 

July 

24.1 ± 8.8 

14 ± 3.3 

August 

20.8 ± 8.3 

12 ± 4.8 

September 

13.2 ± 6.7 

8 ±3.0 

October 

6.9 ± 5.7 

4 ±2.5 

November 

8.1 ± 5.0 

5 ±2.1 

December 

14.2 ± 8.3 

7 ±2.1 


among years could mean the total loss of feed supplies in same year, 
from either excessive moisture or drought. In the year with 229 cm 
rainfall at Jeanerette, neither silage nor hay could be prepared. Many 
of the cattle had to be sold before the end of the cold season because 
of a feed shortage. The incidence and losses from anaplasmosis and 
parasites were above average that year. From 1950 to 1952 in the 
area around Nagpur, more than half the livestock died from lack of 
feed. These are the extremes but, exclusive of the absolute extremes, 
the variability from year to year is likely to be such that allowances 
for number of animals, planning for stored feed, and possibly provid- 
ing supplementary feed from other sources must be considered. The 
variation among years is small in the wet tropics, and therefore not 
of much concern; but in the other regions it is a major factor in plan- 
ning. 

Infective agents are affected by rainfall in various ways. Many 
free living organisms flourish only within fairly narrow ranges of 
humidity and are thus affected adversely both by too little precipita- 
tion and by too much. Other free living agents may, however, be water 
borne, such as parasites that require an intermediate host like the 
snail, that is aquatic itself, but is dependent upon precipitation for its 
complete life cycle. 

Rainfall also has important direct effects on livestock. It may help 
in heat dissipation through evaporation but at the same time seriously 
interfere with feeding and increase health problems. Animals react 
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Years 

figure 2 4 

Variation in annual precipitation at Jeanerette Louisiana and 
Nagpur. India 


more strongly than man to the physical impact of rain, hence they 
will cease to graze and either stand or leave the grazing area for the 
protection of trees or knoll Th.s ,s especially the ease if the rain is 

? by wmd W , hen the fo rage is very wet following a rain, intake 
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suitable species for hot, dry climates since wool gives added protec- 
tion against the radiant heat load. Although the alternative uses for 
land are a factor in restricting sheep production, largely to areas of 
50 cm of rainfall or less, rainfall and humidity are of primary impor- 
tance in limiting sheep to the dry regions of the tropics. 


Measurement 

Certain information about rainfall can be obtained by visual ob- 
servation, i.e., its duration and intensity. Rainfall patterns may serve 
as a crude scale for estimating humidity. The rain gauge is the instru- 
ment most frequently employed to measure rainfall (Nat’l Acad. Sci. 
1971). Routine recordings of rainfall are available from more areas 
than are recordings of any other climatic element. Day-by-day levels 
may vary within a relatively small area due to shiftings of local clouds, 
hut monthly or annual totals can he very reliable for determining 
patterns in a sizeable area— unless of course, there are large inter- 
ferences, such as high hills or mountains. Extrapolations from coastal 
areas to inland areas cannot he made with any degree of satisfaction, 
however. 

To develop a more complete understanding of the sources or 
causes of rain and the factors contributing to rate of evapo-transpira- 
tion, one or more books dealing with climatology should be consulted 
(Critchfield, 1966; Griffiths, 1966; and Riehl, 1954). Publications such 
as Great Britain Meteorological Office (1958); U.S. Dept. Commerce 
Weather Bur. (1965-66); and Wernstedt (1961), are useful sources of 
rainfall data for many areas of the world. 


Light 

l he period of light during the day is called the "photoperiod” and is 
defined as the time between sunrise and sunset, or between the be- 
ginning of morning civil twilight and the end of civil twilight, which 
refers to a sun angle of ±6°. Photoperiods vary with latitude and 
season. Tables for determining local photoperiods can be obtained 
from meteorological centers or easily calculated since the rate of 
variation is directly related to the path of the sun. The length of daily 
photoperiod near the equator varies only a few minutes but is -2 
hours at 30 s latitude, and as high as 2:19 hours in Juno at 60“ latitude. 

The daily photoperiod is critical for plants and has direct influ- 
ence on animal performance. Sheep is the species of farm animal most 
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affected by changes in photopenod Seasons of high tempera 
long photopenod influence the reproductive p itterns through dnubtu 
and decreased fertility in females and decreased semen quality and 
sperm production in rams Apparently, light acts on tile pituitary gland 
through neuro pathways from the eyes 

Some researchers believe that length of photopenod may have 
indirect effect on animals, through increased wakefulness and meta- 
bolic activity, that change levels of feed intake This lias been exten- 
sively explored with poultry and it is now standard practice to extend 
or remove seasonal changes in the photopenod by artificial lighting 
especially for laying hens However, there is little information con- 
cerning the effects of light on appetite in other species Nevertheless 
the strong sunlight dunng midday may be an additional factor in 
making cattle and sheep seek shade, but this has not been demon- 
strated expenmentally 

Research conducted in Australia has shown that the length of 
photopenod influences the growth and shedding of the hair coat in 
cattle Some researchers have suggested that when temperate zone 
cattle are moved into the tropics, the small variation in photopenod 
often fails to stimulate coat shedding, leading to progressive degener- 
ation and eventually death Poor nutation and internal parasites are 
no doubt the pnmary causes of lack of shedding for cattle newly intro- 
duced to the tropics, but photopenod could be a contnbuting factor 


Cloud Cover 

The importance of cloud cover has already been touched on several 
times Its extent and persistence has a direct, as well as indirect, effect 
on the animal s environment in warm climates These have also been 
discussed Cloud cover has been given a separate subheading here 
nf'sT' 1 '' n° S H"' e “A ’ [Emlnd " ‘hat it can be used to estimate levels 

extent tW ,° n and h T‘J‘ ty ' ,hereb y indirectly indicating to some 
extent the distress periods for animals 
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to animals. When they are moved from low elevations to high alti- 
tudes, they often encounter difficulties. The reverse is also true. 
Brisket disease (high mountain disease) frequently occurs in cattle 
following sudden large changes in altitude. Furthermore, the pressure 
changes that accompany storms may affect birds, insects, and animals. 
It has been suggested that animals sense storm conditions from the 
pressure changes and make modifications in behavior. It has been 
postulated that declining atmospheric pressure may stimulate feed 
intake. In Montana, a comparison was made of (a) the milk yields of 
Holstein cows during periods of normal feeding and (b) their milk 
yields during periods in which adjustments were made in the amount 
of feed offered based on the barometric pressure prior to feeding time. 
When the pressure was high, part of the regularly offered feed was 
withheld. This was added to the scheduled feedings when the pres- 
sure declined. The cows fed on the “adjusted basis” consumed more 
feed, produced more milk, and showed less variability in production 
than animals receiving a constant daily allowance. As yet the evidence 
on the effects of pressure changes on animal performance is very 
limited, but much more attention may be given to this subject in future 
research. It is common practice to make adjustments for atmospheric 
pressure in biological research. To date, measurement of atmospheric 
pressure is used primarily in connection with weather forecasting 
since it is essential to the understanding of winds, storms, and related 
atmospheric phenomena. 


CLIMATIC CLASSIFICATIONS 

There are numerous possible classifications for climate, but the value 
of each depends largely on the purpose for which it is intended. A 
classification of climates as they might affect jet aircraft certainly 
would not indicate ground level climatology for plants and animals, 
therefore, the number of classifications of climate about equals the 
number of problems. Even when the same climatic elements are 
involved their relative significance and best means of expression are 
also likely to vary with the problem. Classifications suitable for ascer- 
taining the physical environment for plant growth are not the best for 
determining animal husbandry practices. 

The most widely used system of classification of world climates is 
based on the work of Kdppen, who aimed at a scheme that would 
relate climate to vegetation but at the same time provide an objective, 
numerical basis for describing climates in ten. is of climatic elements. 
The Koppen system recognizes five major climatic types (Table 2.6) 
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which are intended to correspond to five principal vegetation groups. 
In order to represent better the types of climate, additional symbols 
were added to designate the main subtypes (Table 2.6). Except in the 
dry climates, the second letter refers to rainfall regime and in the B, C 
and D grouping a third letter is used to describe special features of 
temperature characteristics. Koppen also provided a fourth set of 
symbols which he used to describe special features of the climates 
beyond those shown in Table 2.6; therefore, a great number of sub- 
divisions are possible. 

With Koppen’ s classification as a general base, numerous other 
classifications have been presented since the mid-1930’s. One of the 
more prominent of these was by Thornthwaite (1948), who used a 
moisture index defined as the potential evapo-transpiration; his classi- 
fication applies primarily to botanical needs. The map of the world 
distribution of climatic types prepared by Thornthwaite and one pre- 
pared by Trewartha (1954) that is also based on a modification of the 
Koppen system are useful in estimating growth rate and probable 
broad seasonal variations in feed supplies from natural grasslands, but 
as will be seen later it is desirable to have more extensive characteri- 
zations of local ar regional climates for best decision making for 
animal management. 

Lee (1953) recognized the inadequacy of the two previous classi- 
fications for expressing distributions of climates in relation to their 
significance for man and animals. He proposed that a more suitable 
approach for animals would be to designate regions based on the 
temperature and humidity prevailing in the warmest and coolest 
months. The warmest month was defined as that following the sum- 
mer solstice for regions outside the solar tropics, and that following 
the second zenith passage of the sun for areas within the tropics. The 
coolest month was defined as the one following the winter solstice. 
Temperature and humidity conditions were classified as follows: 

Temperature: 

Mean temperature of months: Over 30°C — hot 
20-29°C — warm 
10-19 P C — temperate 
Under 10°C — cool 

Humidity (warm and hot periods only): 

Mean dew point of month: Over 20°C — wet 
16- 19°C— humid 
Under 15°C— dry 
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TAULE. i. I II. 

Tu-o systems of clasuficaUon of tn picot climates 


Soil 

Pixlvoik (».«> Imiwn it«l ai»d>cll«w) 
Litmlcs 

Chcmozuns and dckiaiUd thiniuzcm* 
Chcslnut md brown volt 
Sicroztms ind dt «-it sods 

B Webster and Wilson s Mam Climates of the Tropics 
Wet equatorial climates 
Dry tropical climates 

Monsoon climates (alternately wet and dry tropics) 
a Areas with 100-200 cm precipitation/annum filling in two rilny seasons 
h Areas with two short rainy seasons and pronounced inters eiimi! dr> seasons 
c Areas with one fairly tong rainy sc ison usually 76-125 cm mil one long dry 
season 

d Areas with one short rainy season and one lung dry season 
Wet climates of tropical windward coasts 
Dry climates of tropical and subtropical west coists 

Source A. adapted from IISDA yearbook. XS»4I B mdjptni from Wet »ter end VUwn Hr06 


A Williamson and Piyne 


Climate 
Super humid 
Humid 
Sub-humid 
Semi and 
Arid 


s Cl tssification 

Vegetation 

Rain forest 

Forest 

Grassland 

Steppe 

Desert 


Mapping of areas according to this system of classification makes it 
clear that any attempt to divide the world into 20 or 30 regions would 
obscure the variability that is so vital in determining the likcliness of 
success or failure with livestock enterprises 

Williamson and Payne (1965) and Webster and Wilson (1966) at- 
tempted to desenbe the problems of animal production in tile tropics 
by using the classifications for climates shown in Table 2 7 William- 
son and Payne's very general classifications for climate and vegeta- 
hon create only broad distinctions between areas The breakdown 
used by Webster and Wilson is somewhat more descriptive but again 
knows Seneral l ° 8 ‘ Ve “ anylh,n 8 beyond what he already 
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Even if satisfactory data were available for describing the char- 
acteristic patterns for all the climatic elements, there remains the 
problem of how to give proper weightings for tire various elements 
with respect to their influences on the performance of animals. Un- 
fortunately, technology has not advanced to this stage. On the other 
hand, certain minimum levels at which the influences of climatic ele- 
ments become significant to animal comfort and productivity have 
been reasonably established for most groups of livestock. It should 
be recognized, however, that the minimum point at which animals are 
influenced will vary with age, stage of lactation, and stage of gestation. 

Although it would be desirable to have more extensive knowl- 
edge of the expected climatic conditions, from the practical stand- 
point the expected monthly fluctuations are generally satisfactory 
since it is not usually feasible to make adjustments in animal man- 
agement practices more frequently than once a month. More modifi- 
cations may prove of economic significance with intensive poultry 
and swine operations, but the advantages anticipated by frequent 
adjustments with cattle may be offset by the disturbances created. 
If, for instance, lactating dairy cows are alternated, at one or two day 
intervals, between a shaded lot and open pasture, or kept on drylot 
feeding and then shifted to pasture feeding, the fluctuations in feed 
consumption and consequent variations in milk yield will nullify any 
benefits of the changes. At present, it appears that decisions about the 
tropicality of an area can be derived for most practical purposes by the 
scoring of monthly means for the various elements. 

The classifications for temperature and humidity proposed by Lee 
seem to be reasonably good. But it is difficult to keep both tempera- 
ture and vapor pressure, or relative humidity scales, in mind as well as 
ascertain the point of significant interaction between the two ele- 
ments. The U.S. Weather Bureau has attempted to interpret the two 
into a meaningful index based on sensations of comfort or discomfort 
for man, and limited data indicate the index is also suitable for esti- 
mating the discomfort of animals. This index is identified as THI 
(temperature-humidity index). THI values may be calculated from 
dry bulb plus a measure of humidity such as: 

THI = 0.72 (C db + C»„> + -10.6 

where db = dry bulb temperature in °C, and wb = wet bulb tempera- 
ture in °C. 

The merit of the temperature-humidity index for evaluation of 
animal responses has not been extensively investigated. However, 
studies conducted at the University of Missouri (Johnson et. ai, 1963) 
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provide an almost ideal environment for many types of ecto- and 
endo-parasites. The humidity level would also be likely to create 
some problems for sheep. 

Since solar radiation can be a significant factor in the animal’s 
environment, an even more satisfactory method of classifying climates 
for animal husbandry practices would be according to what is termed 
an ‘ effective temperature” (ET) scale, which incorporates into one 
index proportionate weightings for temperature, humidity, and solar 
radiation. 


ET = K,, (db) + (rh) + Kr (sr) 


where ET = effective temperature, db = dry bulb temperature, rh = 
relative humidity, sr = solar radiation, and K, „ fv, , i\ ( . = constants de- 
fending upon the units employed. Inclusion of solar radiation 
theoretically affords additional refinement, but as indicated earlier, 
there is no satisfactory way of estimating the net heat load imposed 
on animals by radiation. And the use of arbitrary values, such as those 
given in Figure 2.3, would hardly seem to justify the extra calcula- 
tions. Thus, at this stage of technology, attempts to estimate ET 
values for a location are not warranted. 

Although much more research is required to develop satisfactory 
systems of climate classifications for use with livestock, utilization 
of the currently limited data together with certain correlated informa- 
tion will produce more objective classifications than those described 
in Tables 2.6 and 2.7. 


SOILS OF WARM CLIMATES 


Ail assessment of the characteristics of the local soil completes the 
Picture of the animal’s physical environment. Although almost any 
type of soil can be found in the warm climates, in general the soils 
there have less natural fertility than in the higher latitudes. Judgments 
of the agricultural potential of tropical soils are as varied as the back- 
grounds of those who appraise them. They range from dismal pessi- 
mism to strong optimism. The pessimistic viewpoints are documented 
by records of actual performance, principally the ineffectual struggles 
of peasant farmers against physical, biological, and economic forces. 
The optimistic projections are based on resources of sunlight energy 
and water, and on the successes achieved by people having full 
access to science and industry. 
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Potential fertility is frequently judged l>> the vegetation present 
However, tins can be misleading For instance, the heavy vegetative 
growth in a jungle area may seem to indicate high soil fertility and 
high potential for crop production, whereas this abundant growth is 
actually dependent upon the ever present high level of organic mat- 
ter distributed by the plants If the cover is removed and the land 
cropped, the fertility decreases rapidly, leaving a soil too poor for 
agricultural production Cleared jungle areas can be cropped for a 
year or two, but thereafter they must h ive heavy applications of fer- 
tilizer for satisfactory crop production 

The types and conditions of local soils depend upon (1) climatic 
conditions, (2) the nature of the parent rock, (3) the age of the sod, 
(4) the topography, and (5) the biological activity present, including 
that imposed by man’s agricultural practices Two features distinguish 
the soils of the warm climates For the most part they are old, that is 
they have weathered to the point that the parent rock is deep or soft 
and will crumble with relative ease Also, their level of organic mat- 
ter is low The leaching of organic matter and weathered condition 
resulted from rainfall and warm temperature conditions Loss of or- 
ganic matter by leaching has led to physical deterioration of the sods 
and loss of nitrogen 


The weathered sods represent the greatest proportion of the re- 
gion because of topography and erosion from runoff of rainfall The 
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infertile. Yields were below expectations and rate of erosion was 
high since the mechanical clearing had removed practically all the 
roots of trees and plants. The project was abandoned after three years. 

By contrast, in tropical Australia, Puerto Rico, and Brazil combi- 
nations of practices have met with success, notably the introduction 
of legumes into grass stands in Australia, heavy applications of fertili- 
zer and lime in Puerto Rico, and the use of some fertilizer with sup- 
plementary irrigation in Brazil (Sci. Advisory Comm., 1967). 

There are two types of soil generally characteristic of semi-arid 
regions: (1) black earth, which contains a high percentage of organic 
matter, and (2) chestnut earth, which is high in calcium carbonates, 
sodium salts, and gypsum, but relatively low in organic matter. In the 
arid regions, the soils are formed from mechanically disintegrated 
rock with little chemical decay and very low organic matter content. 
If water can be supplied, the fertility of these soils is generally high, 
but salinity may become a problem unless adequate drainage is pro- 
vided. However, loss of organic matter by leaching is not a problem 
due to the low rainfall. 

From these brief comments, it should be clear that it is highly 
desirable for successful livestock husbandry to know the local soil 
characteristics, particularly with respect to tire probability of mineral 
deficiencies. Of equal significance for appropriate management is a 
knowledge of the rainfall patterns. Soil maps prepared by FAO on a 
world-wide basis are incomplete at this point, but they can still be 
very useful. The Soil Conservation Service of the U.S. Department of 
Agriculture is also a good source of soil maps for the greater portion 
of the world. In addition, there are ordinarily one or more govern- 
mental agencies of most countries devoting time and effort to char- 
acterizing the soils. These should be sought out. Further points rela- 
tive to soils and forage production are dealt with in Chapter 6. 


PROFILES OF PHYSICAL 
ENVIRONMENTS 

The term “profile" is used instead of "classification” to accentuate 
the need for considering more than the extremes of climatic elements 
in assessing the physical environment, as portrayed in Figures 2.1 and 
2.2. The profile that can be developed for a location will, of course, 
he largely dependent upon the extent of information available. 

If there are no climatic data available for an area, examination of 
world climatic maps in one of several good atlases can be a start. 
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Checking the Koppen classification for the area may also prove help- 
ful On the spot surveys of the types of livestock in the area, the use 
being made of the livestock, the degree of fatness of the animals, and 
the conditions of the crops, are quite useful in identifying the local 
problems Discussions with local residents regarding animal diseases 
and parasites, age of marketing of the livestock, cropping patterns, 
forages native to the area, and approximate crop yields are also quite 
useful Knowledge of the elevation and latitude of a location is often 
valuable in drawing on information from other areas that have been 
more extensively characterized 

The approximate sequence of priorities recommended for further 
refining the profile are as follows 


(1) Mean monthly temperatures will aid in determining topical- 
ity on the basis of the number of months the means are 24°C or above 

(2) Mean monthly maximum and minimum temperatures will 
help to characterize the extremes, as well as aid in deriving estimates 
of the rate of diurnal heating and cooling 

(3) Monthly precipitation, coupled with temperature data, will 
aid in characterizing the expected growing season for plants, esti- 
matmg the rate of plant growth and maturity, determining the extent 
of the penod(s) of shortages of moisture, and provide general esti 
mates of the prevailing humidity conditions Information on the dura- 
tion and intensity of rainfall is also highly desirable 

(4) A measure of mean monthly values for humidity (relative 
umidity, vapor pressure, or dew point) will enable predictions on 
ami parasUism' tyPe a " d l0CaU ° n of housing, and problems of disease 
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that is helpful in decision making on ventilation of housing and 
w ether it is best to attempt storing forages as hay or silage. 

9) Of course, the most complete and hence most valuable profile 
would encompass estimates of the proportion of the average day in 
each month for which it is expected that: 


(a) dry bulb temperature will exceed 27°C; 

(b) dew point temperature will exceed 21°C or relative hu- 
midity will be 60% or higher; 

(c) solar radiation (Iangley/day) will be expected to equal or 
exceed 700 langley/day; 

(d) air movement will likely be less than 5 kmph or greater 
than 25 kmph; 

(e) the number of days rainfall may be expected per month is 
also desirable, particularly if intensive livestock enter- 
prises are anticipated. 


Other information needed to complete a profile of the physical 
environment includes the soil characteristics, especially soil type and 
pH, and recorded observations on the incidences of prevailing dis- 
eases and parasites. The latter are essential for determining general 
management practices and developing vector control and vaccination 
programs. 

One of the most important elements of the environment, which is 
depicted in Figure 2.1 but not included in the list, is the feed supply 
Knowledge of currently available feed supplies is a primary requisite 
ot livestock management but it has been excluded from the list be 
cause a main objective of developing profiles is ability to use the in 
formation;,, plans for the production and handling of feed supplies 
the profile also serves as the basis of determining which animal 
husbandry practices will be economically feasible 

Few areas of tire world have been characterized as suggested 
this is particularly true with respect to animal production The first 

tiTTS x*} BXten r e profi ‘ e , is a Pessimistic one; is it worth 
the effort? The failure of most of the dairy development schemes 
n India to meet them goals set for milk supplies can be attributed 
m part to the planners failure to fully appreciate the limitations im 
posed by the physical environments. 

tion^n southem 1 " Louisiamr'^ecr^^reorierimtion 6 !,!' ^rj 0 ^! 6 ^ 01 * ^ oca ' 

production to such an extent that the lactation milk yiewf per cow 
were increased more than 40%. through use of better roughages" Cor- 
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Average length of calving interval for the dairy herd 
was reduced about 12%, the need for importing feed supplies from 
outside the area was reduced, and the unit of land required per 
animal lowered 40% The profile best served to determine the most 
satisfactory systems for handling feed supplies and developing plans 
to minimize the impact of internal parasites The level of inputs per 
animal unit was increased under the revised system, but the unit cost 
of milk yield was markedly reduced over that for a combination of 
permanent pasture and concentrate feeding 

In an area of northern Colombia, a profile based on local surveys 
and the first three items in the list, namely, mean monthly tempera- 
ture, maximum and minimum temperatures, and precipitation pat- 
terns, provided the basis for development of a system of calf housing, 
feeding, and parasite control that aided in reducing calf mortality 
from over 40% per year to less than 10% It also helped determine 
the most suitable season for planting and harvesting com for silage 
The best season proved quite different from the customary practices 
The Union of South Africa is one of the few countries that have 
developed a country wide profile for livestock production (Bonsma 
and Joubert, 1957) In developing the profile, the distributions of 
ramfall, temperature, topography, soil, natural vegetation, and ani- 
mal disease problems were determined horn data collected by the 
vanous agencies of the South African Department of Agriculture for 
the entire country After careful study, 25 regions were established, 
each with some peculiar problems related to its potential for live- 
stock (Figure 2 6) 
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The Animal Body in 
Warm Environments 


From the previous chapter's description of the climate conditions 
predominating in the lower elevations of the N-S 30° latitudes it is 

dui„ ent ,* at due , to 1 I evel of one or more of the climatic elements’ con- 
Itions lie outside the present best estimated range for optimum ef- 
ficency of livestock. The fact that several species of livestock are 
n even in the areas with the most extreme climatic conditions 

meet th Yd S ’ ° ne means ° r another ’ have managed to 

Bm 6 cballenges 1116 envlr onment sufficiently to at least survive 

inputs^ feed and Jlbon reqUired PI ° Vide 3 reasonabIe from 

Domestic livestock need to maintain a near constant internal en 
vironment for survival and for efficient functioning as defined by the' 

b v° r d r\ An accumu Iation Of excess heat in an animal 
brought about by a hot environment, favors deleterious chemical and 

■ ™ 



Average values for certain physiological functions and performance 
of a lactatmg Holstein cou, tn a comfortable environment 

(IfFC) and m a hot environment 13CTC) _ 

c c difference tn 

Trait Comfortable Hot hot enctionmeat 

HEAT PRODUCTION 

Metabolic heat production (kcal/hr) 841 629 

Thyroid secretion rate constant 006 004 —33 0 


RESPIRATION AND BODY TEMPERATURE 


Rectal temperature ( C C) 

386 

39 9 

3.3 

Slun temperature ( 6 C) 

33.3 

37 9 

13 8 

Respiration rate/min. 

32.0 

94 0 

194 0 

Respiratory volume (1 /min.) 

127 0 

239 2 

88.3 

Tidal volume (1 /breath) 

3.04 

2 74 

-9 9 


BLOOD 


Volume (cc/kg body wL) 

84.3 

916 

86 

Glucose (mg *c) 

565 

57 2 

12 

pH 

755 

763 

105 

ketones (mg *4.) 

3! 

38 

22.6 

Hematocnt ITc) 

32 4 

317 

— ?. - 

Creatine (mg %) 




Plasma protein (mg T;) 

95 



Plasma CO! content (vol <4) 

53 1 



Plasma CO. combining capacity (vol Vc) 




Erythrocytes (million/cm blood) 




Leucocytes/cm blood 

9312 

9318 

-02 


i0l3 

6646 

-52 



106 

7 1 


RUMEN ACIDS 


Total volatile fatty acid* (meq/hter) 
*cetic (meq/hter) 

Pro pontc (meq/hter) 


95 2 
596 
20.8 


-10-5 
-70 
-19 0 


Specific gravity 
Pll 

Mater intake unne output 


103 

80 

5.5 


1 02 -10 

7.9 -12 

5-8 5 1 
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TABLE 3.1 (con’t) 


WATER 

Consumed 




Free (kg/day) 

57.9 

74.7 

29.0 

Feed (kg/day) 

1.6 

1.4 

—14.3 

Urine volume (kg/day) 

U.l 

12.8 

15.0 

Fecal water (kg/day) 

17.9 

12.0 

-33.0 

Evaporation 




Surface (g/m*/hr) 

94.6 

150.6 

59.3 

Respiration (g/m*/hr) 

60.6 

90.9 

50.0 

. FEED 

Concentrates consumed/day (kg) 

9.7 

9.2 

-5.1 

Hay consumed/day (kg) 

5.8 

4.5 

-22.4 

Efficiency (Meal milk/DE %) 

59.0 

38.1 

-35.4 


PRODUCTION AND BODY WEIGHT 


Milk yield/day (kg) 

18.4 

15.7 

-14.6 

Milk fat/day (kg) 

0.63 

0.38 

-39.7 

Milk solids-not-fat/day (kg) 

1.59 

1.29 

-18.9 

Milk protein/day (kg) 

0.59 

0.49 

-16.9 

Body weight (kg) 

486 

482 

-0.9 


(18°C) and after several hours or days following exposure to a hot 
environment (30°C). Some measurements reflect marked changes, 
others moderate changes, and still others little or no change. Of the 40 
variables listed, 25 decline under thermal stress and the rest show 
some increase. The magnitude of the change is, of course, directly 
related to the level of the temperature conditions, the breed of the 
animal, its age, stage of lactation and level of feeding. Therefore, the 
values in Table 3.1 apply to a lactating Holstein cow under the given 
temperature conditions. The changes for a lactating Holstein would, 
for the most part, exceed those for a dry Holstein or for smaller breeds, 
like the Zebu; but the trends would be similar. 

The shifts in the variables shown in Table 3.1 may be either di- 
rect results of the temperature (e.g., the nearly 200% rise in respira- 
tion rate) or indirect results (e.g., the decline in milk yield caused by 
reduced feed intake). Whatever the reason, there is a 15% reduction 
in milk yield and a 35% decrease in efficiency, that is, utilization of 
energy for productive purposes. This is our major concern. 
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All domestic livestock have certain means at their disposal to 
assist them in maintaining homeothermy or minimizing disfunction 
in homeothermy Some species and breeds within species even have 
special anatomical characteristics that aid them in withstanding the 
stress imposed by the hot environment An appreciation of how an 
animal goes about adjusting to its environment is useful for deter- 
mining the best ways to improve efficiency of animal performance in 
unfavorable environments Three chapters are being devoted to this 
important problem The first deals with the animal’s reactions to 
climatic stress, including the causes and some of the chains of events 
that determine them The second points to the economic conse- 
quences of thermal stress on livestock performance And the third 
suggests methods to determine whether livestock found in an area or 
those which could be introduced possess the best features for the 
level of environmental conditions which can be provided 


THE ROLE OF THE HEAT 
REGULATING CENTERS 


An animal s body produces heat continuously, which means it must 
lose heat to the surroundings if the level of temperature in the body 
is to remain constant A nse of 1°C or even less in body temperature 
m most species of livestock is sufficient to produce detectable changes 
in a num er o physiological processes and to reduce performance 
rLn, n! . an /T l t0 malnta,n thermal equilibrium, the net ex- 
lo« T„ f heat , wi,h , lh f surToun dings must be in the direction of heat 
sensitive andn '"i. ° y t em Perature within narrow limits requires 
heat Drothict.^ K actlng mechanisms which balance any change in 
change m W l s IT eq “‘ valent ^"Se m heat loss, oV balance a 
m 

ad,„owle°dged'!hat U ,he Z ft,"* rU “ y u " d -‘°°i ■* - generally 
Ion (mterbrnm, c 0n t„ s ?het r U5 r’ W baSa > Part of the <^"« pha - 

in the body It has been ,1 ” terS major control of heat balance 
the hypothalamus of eattleMdZZ’ A* 1 "J plantm 8 electrodes in 
in the hypothalamus hive 1 ° 8 and a PP'f ln S heat, that centers 

- an inTcgmn„ri„cy S ° me S"*™ a " d aCt 

electrodes indicate that ee i ^ exper iments with heated 

pulses from both eerebal Z n" ^"’^‘"us respond to im- 

'-ted , n t„ c lUm surface and 'other 1 areas and Penpberal — pt ° rS 

T ' ,e ro ' e P ’ a - d ty - - -u?aTn g centers the hypothala 
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mus in heat exchange can probably best be envisioned by comparing 
these centers to the board of directors of a corporation. In a corpora- 
tion the board, or top management, is concerned with the major deci- 
sions and the details of the more critical problems, whereas the lower 
echelons manage most of the day-to-day operations. For such an 
organization to function efficiently, two things are essential: adequate 
information and readily available lines of communication for transmit- 
ting commands. Although the hypothalamus often acts as a controlling 
center, it depends upon signals from both the periphery and the in- 
terior of the body, including special motor and vasomotor responses. 

The regulation by the hypothalamus of the rate of heat loss from 
the body involves control over the size of small blood vessels near and 
in the skin, the action of sweat glands, and the general posture of the 
body. It also entails the adjustment of other processes to compensate 
for the initial disturbances. All these mechanisms must receive in- 
structions directly or indirectly from the central heat regulating cen- 
ters. Although some important executive brain cells have direct lines 
of contact to tissues or organs under their control, there is no evidence 
that this is true for the heat regulating centers. It seems more likely 
they are required to use indirect routes of communication. Nerve 
fibers run from the heat regulating centers along the spinal cord for 
varying distances until they make contact, through other nerve cen- 
ters, with the motor nerves going to the organs or tissues. Most of 
these fibers belong to the “symphathetic" nervous system, which con- 
trols the automatic functions of the body, rather than the “somatic” 
nerves, which control the voluntary muscles. 

In addition to nerve pathways, chemical processes also appear to 
assist in thermal regulation. For instance, tire posterior pituitary gland 
is concerned, among other things, with maintaining water balance, 
and thus it is often involved in a secondary way in heat regulation. 


MEANS OF HEAT EXCHANGE 

The physical processes involved in the exchange of heat between tire 
animal body and its environment are conduction, evaporation, con- 
vection, and radiation. Conduction is the passage of heat energy from 
particle to particle due to temperature gradient. Evaporation is the 
vaporization of water front the body surface and respiratory tract, 
which aids in tire cooling process. Convection is the transfer of heat 
energy by the circulation of a fluid or gas at a non-uniform tempera- 
ture. Radiation is defined as the transfer of energy across space with- 
out heating the space through which it passes. With respect to a hot 
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environment, the main concern is radiant energy from the sun or o 
ground Each of the four physical processes has a climatic counterpart 
-temperature, humidity, air movement, and radiant energy, respec- 
tively . 

Within the comfort range for animals, about 75% of the heat los 
from the body is dissipated by conduction, convection, and radiation, 
but at higher temperatures, evaporation alone may be the major means 
of heat loss 


CONDUCTION 

Conduction plays two roles in the animal’s heat regulation that of 
movement of heat from the central body core to the external surfaces 
and the flow of heat from the skin surface to the surroundings If an 
animal is standing quietly in an environment between 13 and 18°C, 
heat is produced in the body at a moderate, uniform rate From the 
central core of the body, heat passes toward the outer surface, which is 
of a lower temperature, at a fairly uniform rate The skin in turn passes 
heat to the environment at a rate dependent on temperature gradient 
and coat covenng (Figure 3 1) If air temperature (T a ) is 13-15°C and 
body core temperature (I b ) is 39 4°C, the flow to the atmosphere is 
rapid Some additional heat exchange occurs simultaneously through 
the respiratory tract so that the animal is in near thermal equilibrium 
tTwr? l0SS through conduction When the animal is exposed 
to i a 32 C, almost immediately the rate of heat loss from the skin 
l °, the environment w,U be reduced and skin temperature will 
core t .1 , e Tr ratU r e nses ' 1116 P assa S e of heal the central 

"2 S e tT d a e " n 13 OCCUrS - ,he production of heat in the body 
achon ™ d ° r 0ther meanS ° f Promoting heat loss brought into 

lmng'its'bodvTurf hlgh temperatures the animal frequently tries to 
ample by Zr "*” C ° n,act W,th a ™oler surface, for «- 

dcpend upon the temperas Jdff ^ T a " d am ° Un ‘ ° f heat '° SS 
Conduction al n w, r difference between the two surfaces 
in contact w ith the extemlre ° SS Er ° m lnte mal surfaces that come 

and alimentary tracts The amb rant”™ 1 ' SpeclEcalIy - the respiratory 
sages comes into cnu.hlm,™ g01 " 8 m '° respiratory pas- 

ture of Ure body I " near "t ull ' b ”"“ with the tempera- 
thc heat l„ ss by conduchonTr^ 5 0,6 range ° f 2 °- 30 ° C 

quencc, but when air ° U8 ^ res P iratl °n is of little conse- 

of heat exchange -loss or ^ ar ? extrem ely low or high the rate 

gain VIa this channel may be significant 
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Conduction 


FIGURE 3.1 

Schematic of the physical processes of heat dissipation from the animal 
body and the influence of ambient air at T, 13-15*0 (rapid) and 32*C 
(low) on the rate of exchange. (T*, air temperature, T fc - temperature 
of central core, T, = temperature of hair-coat surface, and T, — 
temperature of skin surface). 

The exchange of heat by conduction through alimentary intake 
depends upon the temperature of the water or food ingested. If a 
cow consumes 18 kg of 2JL C C water, about 18 kcal of heat will be uti- 
lized to warm the water to body temperature. This will reduce body 
heat significantly, but a similar amount of water evaporated from the 
skin surface will remove approximately 16 times more heat 

Evaporation 

Heat loss by evaporation takes place from the respiratory tract and 
from the skin surface. This is the most efficient means of removing 
heat from the body, as 1.0 gram of water vaporized at 20 C C will re- 
lease 0.6 kcal of heat energy. Water can be made available to the skin 
surface in three ways; by simple transudation through the superficial 
tayer from the underlying tissues, by activity of sweat glands, and by 
external applications. The first, which is referred to as “insensible 
Perspiration,*' occurs relatively independently of external tempera- 
ture - The second is under control of the heat regulating centers. For 
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livestock, the externa! applications of water would include am, jpruy- 
ing or the animal submerging itself ,n water Under hot conditions 
cats, rabbits, and some other species apply water to their surfaces W 
licking, but this is not typical of domestic livestock, although cattlL or 
buffaloes will lick or splash water on themselves when tinder severe 

stress . 

The ability of the air surrounding an animal s body to take up 
vapor from the water present on the skin depends largely upon the 
humidity of the air If the humidity is low evaporation takes place 
very readily, but if it is high evaporation will be slow or nil Like 
conduction, evaporation is markedly dependent upon rate of air flow 
about the body The thin layer of air adjacent to the skin rapidly be- 
comes equal in humidity with the skin, consequently, further ex- 
change of water vapor by diffusion between the air in contact with the 
skin and the ambient air will be slow when the air is calm Turbulent 
movement of the air about the skin accelerates the rate of transfer 
A major problem in assessing the rate of heat exchange from the 
animal body by evaporation is the type and extent of body covering — 
hair or wool The hair density (number of follicles per unit area), the 
depth of hair coat (lay of the hair, erect or lying flat), and the oiliness 
of the hair all influence the rate of evaporation 

In the respiratory tract, the temperature of the surfaces from 
which evaporation takes place into the inspired air stays fairly con- 
stant, and the surfaces are sufficiently supplied with water to ensure 
that the air becomes saturated at that temperature If the inspired air 
contains only a small concentration of water vapor, as it does in hot, 
dry climates, the opportunities for evaporation are great Conversely, 
it the air has a high water vapor content, the rate of evaporation is 
much slower Rate of respiratory evaporation increases with an in 
crease in the rate and volume of air inspired High respiration rates, 
such as are induced by heat stress in cattle and sheep, will result in a 
substantial rate of heat loss m dry air but less m humid a,r 


Convection 

internally, \yd, 1 e^rculatinz X bl la "? e b u * lnlerna,,y and extemally- 

The thin laym of an m f “ nd ex,en ' a,ly - V rate of air flow 

into equilibrium with vli. ate contact Wlt h the skin rapidly come 
between the contact 1 " Cm , IleraJure further exchange of hea 

air, but ,f Ce n mrtTJ “ d T d ' Stant air sl>1 

ated Since the rate of heat t^ "V* 1 * T' * he lransfer Wl11 be accelei 
of heat transfer ,s low unless convection is ass.sl 
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mg conduction or evaporation, the combined processes are expressed 
as “conduction-convection” or “evaporation-convection.” 

With regard to conduction-convection, it is important to keep in 
mind that convection increases the heat transfer in whichever direc- 
tion it is taking place. If the flow by conduction is from wanner skin to 
cooler air, convection will increase the loss; if the transfer is from hot- 
ter air to cooler skin, it will increase the gain. 


Radiation 

This aspect of heat exchange was discussed at some length in Chapter 
2. Suffice it to say that heat exchange by radiation can be a very im- 
portant factor in the thermal balance for an animal exposed to the sun 
or to reflected radiation from the ground or surrounding objects. 


REGULATION of heat production 

Upon exposure to a hot environment, the animal reacts initially by 
activation or acceleration of certain physiological processes to in- 
crease the rate of heat loss. If these fail to restore thermal balance, 
there is a tendency then to reduce the level of heat production in the 
body by such means as lowered feed intake and decreased activity. 
Since the amount of heat produced in the body is related to the level 
of performance, major adjustments in heat production are by and large 
undesirable. 

To appreciate heat production in relation to hot environments 
and some remedial steps, it is best to divide the metabolic rate and 
other sources, not by the tissues or organs contributing heat, but by 
the circumstances which lead to the production of heat. These in- 
clude the components of the heat produced in the body from: (1) basal 
body functions, (2) daily maintenance, (3) behavior, (4) performance, 
and (5) management regime. Since we are concerned with a hot en- 
vironment, one other component is involved: (6) that extra heat re- 
sulting from efforts of thermo-compensation (additional heat pro- 
duced by increased activities of organs, mainly lungs and heart, to 
promote heat loss). 

The nutritionist and physiologist normally combine the basal, 
maintenance, and behavior components into a single term, “basic 
metabolic heat production." They are separated in this discussion be-* 
cause some adjustments can be made in one without necessarily 
bringing about significant changes in the other. 
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The heat produced by the basal component comes from 
tissues that continue to hrnct.on even when the body ■^ complete 
rest The main contributors are the heart, lungs, liver, and 
cans The amount and rate of contribution by each vanes with species 
and within species by sex, age, body size, stage of gestation, and 1 nu- 
tritional state The basal component onlinanly contnbutes 3o-70 .o or 
the average daily heat production, depending upon the energy allo- 
cated to the other 5 components The energy produced by these proc- 
esses goes off solely as heat, which must be removed from the body 
in order to maintain homeothermy The basal component of body hea 
production may be altered by lowenng the basal metabolic rate This 
would favor the ability of the animal to survive in a hot climate, but 
the physiological conditions responsible for or accompanying a low 
basal metabolic rate may so reduce performance (measured as the pro- 
duction of products) that the expected economic advantage would 
be significantly offset 

The heat from the daily maintenance component is that asso- 
ciated with the production of digestive juices, movements of the 
alimentary tract chemical processes of digestion, rumen microflora, 
absorption of digestive products from the alimentary canal, glandular 
activities, and other processes associated with maintenance of the 
living cells of the tissues These functions are sometimes referred to 
as “specific dynamic action” of the food The contribution from these 
sources to the total body heat production depends upon general level 
of nutrition, as well as the type and quality of feeds offered The heat 
produced from the processing of hay or grass is much higher, for ex- 
ample, than from concentrates 

The behavior, or habitual, component also involves the level of 
basal body functions, but it is given a separate classification because 
ehavior patterns are frequently modified when air temperature rises 
lhis component includes the additional heat produced by the am* 
mal s customary behavior pattern, whether standing quietly or moving 
about The temperament of the animal, or degree of docility, also ul- 
s,enT S rt l v at f oducll<m Highly nervous animals may have 
hab,h,T V h '^ er '"I 5 ° f heal Portion (Johnson. 1967) The 
dec ked o7° ne a ,S ofte , ntIn ’« re duced m a hot environment by 
decease, 1 pace and general relaxmg of muscle tension throughout the 
body Examples would be droop, ng of the ears and relaxed general 

hod^eat rnX'Z “T”? IeferS to lhat Poison of the total 
meat eggs, oruool This 11 ” S ^ rclIn the processes of producing mill., 

functions ofrcproductiona°d 1POnS!I t S S ° ,ncIutl es the heat related to 
reproduction and grow* Perfonnance ,s where the great- 
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external to the body's systems that tend to displace them from their 
resting or basic state, whereas, strain is the measure of internal ins- 
placement from the basic state brought about by stress Another way ol 
describing strain would be to consider it as an estimate of the level ol 
discomfort experienced by the animal Stress in the form of high tem- 
perature or humidity can be measured reasonably well, but it is 
virtually impossible to entirely characterize the "total strain on the 
animal’s system because of the constant shifts in function of various 
processes The best that can be done is to partially estimate the level 
of strain from body temperature, respiration rate, sweating, and 
changes in other processes Changes in productivity, growth, and re- 
production rate can also be measured, although they too are only 
partial effects of the total strain on the animal 

Figure 3 2 illustrates the trends m level of function of certain 
physiological processes brought about by either high or low tempera- 
ture conditions The point where the vertical line (strain) and the 
horizontal line (stress) cross depicts the point of equilibrium of heat 
exchange between the animal and the environment Around this point 


of intersection is the "comfort zone”— the range within which small 
changes in atmospheric temperature produce no detectable increase 
or decrease in level of function and consequently, no discomfort 
that can be measured with confidence As already indicated, this range 
is about 13-18°C for most species oflivestock 

Although the concept of animal discomfort, as used in Figure 3 2, 
is useful m making practical husbandry decisions in tropical environ- 
ments, it does not convey a clear picture of the sequence of events 
that the animal body goes through, why marked changes occur in one 
process and small changes in another, nor why repeatability is ordi- 
X'Vr ’? th = measures of strain, even under laboratory conditions 
ZZ * e ' e r e, , of constant Adolph's (1964) ternn- 

ates” (the m ap t “‘Casurable force applied) and “adapt- 

pichire of wW ^ 6 1 produced b y *e animal) gives a clearer 

environment outside its comtbrt ramm* TdT u""" 3 ' “ S “ bjeCted “ 
action is AA (the force) - AF (.W 1 £“ baS,c ad nptagent adaptate 

compensate for AA, there is a shift n 8 re ^ ponse * fal,s to 

AA and AE there may be a wholl cl, baIance But between 

this as chain of eve nts Adolph expresses 


AA - AB AC -v ad ^ A< __ 

The compensations or attemntprl 

increased ambient temperature take , mpensatlons by *h e anima 
6 Place in approximately the 
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figure 3.2 

Stress-strain relationships with progressive changes from low to high temperatures. 
The "comfort zone” represents the portion of the temperature scale where no 
consistent change in physiological processes can usually be measured. As 
temperature is increased or decreased, the stress is reflected by greater strain on the 
animal. 


lowing order: (1) changes in vascular blood flow, (2) initiation of 
sweating, (3) increased respiration rate, (4) changes in hormone secre- 
tions or endocrine activity, (5) changes in behavioral patterns, (6) 
increased water intake, (7) elevation of body temperature, (8) changes 
in the use of body water, and (9) change in state of hydration. If these 
steps fail to renew the animal’s thermal equilibrium or shift it to a 
new plateau, progressive stages of failure of the heat regulation 
mechanisms will become evident. 


Vascular Changes 

The flow of heat from the central core of the body to the surface de- 
pends upon (I) direct conduction through the tissues, and (2) internal 
convection by the blood stream. The second process is responsible 
for die major part of heat transfer to the periphery, even when en- 
vironmental temperature conditions are comfortable for die animal. 
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When the animal ,s put ,n a hot environment, *e te™pemhire d,f 
ferential between the sk.n and the core is 

skin temperature aids the flow of heat from the skin the env^» 
meat, ,t inhibits the flow of heat from the central core to the > surfece 
thereby decreasing the rate of heat loss by conduction The anrrna 
compensates through vasodilation of the smallest arteries (art 
near the skin Increase in blood flow to the periphery takes place very 
readily, hence, it may be regarded as a universal reaction to warm en- 
vironments While the dilation of vessels is principally due to the nca 
regulating centers, acting through nerve stimuli, it is no doubt assis e 
by the direct action of temperature on the skin and probably certain 
wavelengths of radiation if the animal is exposed to the sun The de- 
gree of dilation depends upon the level of stimuli and the location 


on the body 

At high temperatures, blood flow through the human skin can be 
increased until heat is being transferred from the deep tissues at 
twice the rate for comfortable conditions Although few observations 
have been recorded for livestock, it seems reasonable to assume simi- 
lar or near similar levels can be attained by them There is some in- 
direct evidence for this assumption from experiments involving 
changes in cardiac output It has been shown that maximum blood 
pressure in cattle occurs when rectal temperature is 40 5°C, but maxi- 
mum cardiac output occurs at 41 5°C (Johnson, 1967) Furthermore, 
during hyperthermia, the volume of blood in the heart and lungs in- 
creases, while pulmonary arterial pressure decreases 


Sweating 

If increased skin-blood flow is unable to restore the animal’s heat 
balance in a hot environment, additional means of promoting heat 
loss are necessary Initially, there is likely to be some slight increase 
m insensible perspiratron, or transudation of water through the skin, 
tallowed by the initiation of sweating (Bligh, 1967) 
n»KJ n ,v nan u° E the textbooks wr ‘tten before the mid-1950s, livestock 
More reeentl° rS fv, ^ ^ esc \ n bed as “low or non sweating” species 
is the maior meJ ** c?“ sbown 11131 cutaneous evaporation of water 
tures and alsn th ° S ° * eat loss m cattle and sheep at high tempera- 

and goats (IVobcrtshaw igeeiTh" 1 " °1 COnvectlve heat loss ,n SWI " e 
faulty assiimirti » A. ™ earller concept stemmed from the 
:: d e t 8kndS ' ° fl species were apoenne 

regulating centers ^ d * US ° 0t Under the contr ol of the heat 
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TABLE 3.2 

Rale of evaporation (mg in 5 min from 10 cm*) from 
areas on the same cow under warm and hot conditions. 


Hours from 
beginning 
exposure 


26°C 



38°C 


Neck 

Withers 

Paunch 

Loin 

Neck 

Withers 

Paunch 

Loin 

2.0 

7.0 

25.8 

15.4 

5.8 

29.7 

55.7 

36.2 

31.0 

2.3 

8.3 

20.1 

9.0 

4.8 

30.2 

51.9 

30.5 

27.2 

3.0 

5.2 

26.7 

13.2 

5.9 

28.2 

54.3 

24.9 

31.3 


Source: Adapted from McDowell et at.. 1954. 


That evaporation from cattle, sheep, goats, buffaloes, horses, and 
donkeys is associated more with activity of the sweat glands than with 
transpiration through the skin is indicated by the following evidence: 
(1) the presence of sweat glands widely distributed over the surface 
of the various species (Nay and Hayman, 1956); (2) the lack of a re- 
generation-degeneration cycle in the sweat glands; (Findlay and 
Robertshaw, 1965); (3) the fact that the glands are not purely apocrine 
in type and show no nerve-endings; (4) the marked reduction of evap- 
oration by treatments known to affect sweat glands (McDowell et ul„ 
1961); (5) the dramatic increase in the rate of evaporation with in- 
creased heat load, as illustrated in Table 3.2; (6) the response of glands 
to either hypothalamic heating or skin irritation; and (7) the appear- 
ince of wetness and even droplets on the skin of certain species. 

The ambient temperature threshold for stimulation of sweating 
and the rate of output after stimulation vary among species. The rank- 
ing of domestic livestock for sweating is, in descending order: horses, 
donkeys, cattle, buffaloes, goats, sheep, and swine. Sweating in cattle 
is initiated at about 25°C (McDowell et al., 1954). Above this tempera- 
ture the sweat glands will make water available to the surface of the 
skin much more readily. A number of studies have shown that the 
sweat glands of cattle are adrenergic in nature. Similar evidence has 
been presented for goats. This means the glands are stimulated by 
nervous impulses sent to them through the sympathetic nervous 
system from the heat regulating centers. The response is a graduated 
one; that is, the number of glands acting at any one time may vary. 
In man, the rate of production by individual glands is adjustable, but 
it is not clear whether this holds for cattle and sheep. The current 
theory is that the glands of these species discharge completely upon 
being stimulated and must undergo a refilling stage after discharge 
Nevertheless, the rate of output for a given area remains rather con. 
sistent (Table 3.2). 
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The sweat 


glands, stimulated by thermal stress, usualty producca 
r e which if evaporated rapidly 


film of water on the skin surface, 


s, of course, limitations to 


body heat to near normal and 


bre process-e g , die «‘^^^ Si Bv C nh«m» sweat 


the number of capillaries surrouiiu.u B u.e s— ' _ m , mina l s , 

glands, which perform much better than those of most whether 

51 “ ..Id™, nroduce more than 2000 em’/hr, and it is doubtful whether 


can seldom produce more than 2™ ..... , ,i, m a 

a rate of more than 600-800 cni s /hr can be lmpt up for other 
short time Experiments with cattle have shown that they can usu V 
sustain a sweating rate of 200-300 em’/l.r Figure 3 3 rllustmtcs tl 
importance of evaporative cooling for cattle as ambient tempe 

It is often assumed that the wetness of the skin indicates the rate 
of sweat secretion But in fact wetness of the skin is determine y 
the rate at which the sweat is evaporating in relation to the rate o 
production In a humid environment with low air movement, a re a- 
tively low rate of sweat secretion may make the skin wet, whereas, in 
a dry climate with a relatively rapid rate of air movement, a high rate 
of sweat production may go unobserved Horses and donkeys often 
show visible moisture on the skin, but cattle show little except when 
the humidity is high, and sheep very seldom show visible moisture 
under any conditions 

Contrary to a common concept, the rate of sweat secretion vanes 
from area to area on the body (Figure 3 4) The rate of output for cattle 
at 40°C is 13 mg/5 min/ 10 cm* for the legs and ventral surface, 30 mg 
for the lower neck, and 37-40 mg for the main trunk The Utter areas 
are nearest the major sources of heat production 

The chemical composition of the sweat can be important to the 
animal The sweat of humans, horses, and donkeys, for example* 
contains significant amounts of sodium chlonde (2-6 g/1 ) so salt must 
be replaced periodically Cattle sweat contains little salt, it consists 
principally of urea products low in mineral content Not much I s 
known about the composition of sweat from sheep because of the 
sebum on the skin and wool But it seems that both cows and sheep 
nave little need for salt replacement 

Sweat gland density is also important Cattle have a sweat gland 
at the base of each hair follicle over the entire body surface The 
number per unit of body surface is influenced by age and body size, 
as well as breed There is evidence that Zebu cattle originating from 


the Indian subcontinent have 50-100% more glands per unit area 


haTesurfa? ° n f g n'^ ng m Europe The Elands' of buffaloes 

for cattle m i M ° ^ 7 , cm L each - '»'»<* is about twice the size of those 
124 cm ), but buffaloes have fewer glands so the glandular 
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FIGURE 3.3 

Importance of evaporative cooling for 
cattle in relation to total head 
production as air temperatures rise. 
(Adapted from Yeck and Kibler, 1956). 



FIGURE 3.4 

Locations and sublocations of body surface used in determining 
the distribution of surface evaporation from cattle. (1-legs, 
2-ventral surface, 3-lower neck, 4-neck, and 5-trunk) (From 
McDowell et al., 1961). 


surface per cm 2 of skin surface is about 1.07 in buffaloes and 3.08 in 
cattle (Hafez, 1968). 

Sheep have active glands at the base of each primary hair follicle 
but only rudimentary glands associated with the secondary follicles. 
The ratio of primary to secondary hair follicles varies between breeds, 
which means some breeds have more potentially active glands than 
others. The Australian Merino, for example, has a greater number of 
active glands than many of the British mutton breeds (Hafez, 1968). 

In summary, sweating can play an important role in heat loss for 
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horses, cattle, water buffaloes, goats, and sheep, and a lesser role for 
swine The efficiency of function and total output of the g 
he increased by continuous exposure to hot conditions ^ LS 
mg vary among breeds of cattle and sheep, and vanation amoni, 
dividuals in sweating capability is also quite large A more 
discussion of rate and control of sweating in livestock is given uy 
Yeates (1965) 


Respiration 

In domestic livestock increased respiratory activity is an important 
means of increasing heat loss at high temperatures It is usually t ie 
first visible sign of response to heat stress, but it has been placed tlnr 
in the sequence of adaptates because the unnoticed processes o 
vasodilation and sweating usually occur earlier The greater the vol- 
ume of air that can be breathed in, wanned, and humidified, the 
greater the resultant heat loss In cattle, sheep, goats, swine, and buf- 
faloes increased respiration rate is regarded as one of the primary 
mechanisms of heat balance The rate increases with increasing air 
temperature, the most pronounced nse occumng above 29°C In 
studies conducted under controlled temperature conditions, the 
humidity of the atmosphere seems to have about the same effect on 
respiration rate as air temperature (McDowell, 1967), but under field 
conditions humidity seems to have only a minor influence Johnston 
and Stone, 1966 

At 18-20°C a cow will usually have a respiratory rate of about 20 
breaths per minute and a volume of expired air of 40-60 liters, de- 
pending on body size and breed An expired volume of 60 1/min will 
provide 1 7 kcal/min loss of heat At 40°C, the same cow may breath 
115 times per minute with an expired volume of 300 liters This rate 
of air exchange will increase the rate of heat loss to about 5 6 kcal/mm 
The amount of water vaporized from the respiratory tract of cattle 
increases with rising temperature (Table 3 3), however, it does not 
nse as rapidly as the rate of water loss from the body surface The data 

imnmt to ^ act ^ at respiratory vaporization is rather 

important in the range of 10-27°C but of lesser significance in total 

tempe ? tU , reS Its Proportionate contribution to 
neat regulation declines markedly above 30°C 

k re f plrat,on rate ca n be an efficient means of increasing 
for sPv S rv S Jl 0r K Sh0rt Pe , n ° dS (Bianca » 1965 >- but >fh.gh rates continue 
the animal ° r senous Problems are likely to anse for 

he animal Contmued h lg h resp.ration rates may mterfere with feed- 
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TABLE 3.3 

Respiratory and surface evaporation rates (gmlndlhr) at various air 
temperatures for dry mature Zebus and Hohteins. 


Air 

Temp. 

<°C) 

Respiratory 

Body surface 

% total by 
respiration" 

Zebu 

Holstein 

Zebu 

Holstein 

Zebu 

Holstein 

10 

12 

27 

52 

40 

23 

40 

21 

15 

30 

70 

124 

29 

42 

27 

14 

41 

84 

143 

27 

36 

32 

14 

45 

154 

133 

16 

23 

35 

22 

49 

156 

136 

17 

25 


Source: Kiblerand Brody, 1950, 1954, McDowell and Weldy, 1967 
• Percent total vaporization loss through the respiratory tract 


ing and rumination, add to body heat production from muscular ac- 
tivity, use energy that could be utilized for other purposes, and lead 
to a reduction in the CO, combining capacity of the blood plasma 
because of hyperventilation. The first three conditions begin to occur 
when temperature conditions exceed the optimum by 3-5°C. As en- 
vironmental temperatures rise, their influence on the animal's thermo- 
equilibrium increases. Hyperventilation to the point that the alveolar 
pCO, is below that necessary for the normal rate of diffusion of C0 2 
from the alveoli, a condition termed “respiratory alkalosis’’, does not 
generally occur in livestock except at extreme temperatures — i.e., 
35°C or above. However, there is one exception: hyperventilation may 
become serious at less extreme temperatures if the tidal volume re- 
mains high after respiration has increased 100% or more. (Tidal 
volume refers to volume of air per breath.) 

Cattle exposed to thermal stress generally show one of two types 
of breathing: “deep bellows” or “shallow panting.” The same is 
sometimes observed in sheep. The differences in depth can be ob- 
served by watching the extent of the movement of the flanks as the air 
is inspired. The bellows breather has a high tidal volume — up to 3 
liters or more for the cow. If the bellows breathing persists in a high 
respiratory rate (80 breaths per minute or higher) and a high tidal 
volume (>2.8 liters) hyperventilation may lead to respiratory alka- 
losis, which in turn may drastically upset the animal’s other physio- 
logical processes. 

If the animal adopts a pattern of rapid shallow breathing, or light 
Panting, it will have a lower tidal volume but about the same or even 
a higher rate of air exchange than the “bellows breather.” Because 
of the lower tidal volumes the shallow breather runs much less risk 
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FIGURE 3.5 

An animal under thermal stress using "open mouth” 
breathing and drivelling This is undesirable as the 
water loss by drivelling removes very little heat from 
the body (Courtesy J C. Bonsma, University Pretoria) 


from over ventilation. Rapid shallow breathing has the added advan- 
tage of passing the largest volume of air most rapidly over the nasal 
membranes, where the greatest amount of water is available for evapo- 
ration. 

Another type of breathing often observed in cattle, sheep, and 
swine under thermal stress is “open-mouth” breathing, in which 
copious salivation is evident (Figure 3.5). This means of water loss 
>s very inefficient in promoting heat dissipation. The amount of saliva- 
,0 " , V “ nes ..‘ 1 “ ite wide >y a "d * largely dependent upon the type of 
to heai." 8 ' ° pen ' moulh frreuthers often show the poorest tolerance 

“w ,I eSpirat0 Y rates in or sheep do not necessarily indi- 
a " lraa > s are successfully maintaining their thermal bal- 
,huy show , * at *= animals are already overheated and 
trymg to restore normal balance. Therefore, in the absence of other 
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evidence, a low respiratory rate under hot conditions usually ic en- 
tifies the animals with lesser discomfort. Quick, short bursts °f res- 
piration can be useful in aiding the body until other means of heat 
loss can be activated. But rapid breathing in livestock is more likely 
to become persistent. As will be shown later, some of the inefficien- 
cies of persistent high respiration rates are factors to consider m de- 
veloping animal husbandry practices and to an extent in selecting the 
most suitable breeds for hot climates. 


Endocrine Functions 


At present, the changes in the functioning of the endocrine glands as a 
result of hyperthermia are the least understood. It has been demon- 
strated a number of times that high ambient temperatures bring about 
a decreased functioning of the thyroid gland, w ic ac s ei ler 1 
rectly or indirectly to reduce appetite. Whether the appetite center ln 
the hypothalamus acts directly on the thyroid gland to decrease its ac- 
tivity after being warmed by the circulating blood or the thyroid gland 
initiates a feedback that tells the appetite center to decrease the desire 
for feeding is unknown. Whatever the process, the thyroid gland has 
an important influence on animal growth rate and performance in hot 
environments-either directly, through its role in appetite, or ,n- 
directly, through its role in heat production. j • a 

Air temperature above 30°C seems to have a marked influence on 
the adrenals as evidenced by a marked reduction in blood hydro- 
xysteroids. The excretion of bodr lT-hydroxysteroids and 17-ketoste- 
roids is reduced This in turn affects metabolism (Robinson and Mor- 


’ There is limited evidence that high temperature conditions may 
have some effect on the anterior lobe of the pituitary, causing a de- 
crease in prolactin secretion, which is important to the Iactating ani- 
mal (Nat’l Acad. Sci., 1971). , , . 

High temperatures may also decrease the output ol gonadotrophin 
by the anterior lobe, leading to inadequate estrogen or progesterone 
production and consequently to poor reproductive perfonnance. The 
posterior lobe of the pituitary affects heat balance significantly 
through the shifting of electrolytes during mobilization of water for 
evaporation from the body. 

Low feed intake lias an effect similar to that of high temperatures 
on tlie functioning of the endocrine glands; but the fact that level of 
functioning increases at low temperatures without appetite being 
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involved suggests that thermal stress does have a direct influence on 
endocnne activity 


Behavior 


In a broad sense, all modifications of physiological processes to regu 
late heat exchange could be classed as modification of behavior n 
this discussion, behavior refers to shifts in the usual patterns of P os 
ture, movement, and food intake that may take place under therma 
stress These alterations are made by the animal either to reduce nca 
production, to promote heat loss, to avoid adding heat The reluc- 
tance of females to mount one another during estrus, the decrease in 
the consumption of roughages in proportion to concentrates, and the 
inclination to seek shade are some examples Changes in behavior to 
promote heat loss are ordinarily directed toward increasing conduc- 
tion or conserving body water 

The mechanisms responsible for changes in behavior patterns 
are not known There is probably some association with the so-called 
“sleep centers” in the hypothalamus, hut there may also be some in- 
volvement of the 4 higher” portions of the brain 

Like men, livestock tend to adopt a relaxed posture and to mini- 
mize exertion in hot environments Ruminants, for example, cease to 
graze and swine seek a cool surface to he on or water to submerge in 
The usual impression that heat loss by conduction-convection is en- 
hanced when an animal is lying down only holds if the surface m 
contact is considerably cooler than the body Even so, a significant 
rate of exchange would occur for only a limited time And in the mean- 
time, the animal is removing about one third of its surface from con- 
tact with the air 


Some of the most striking examples of changes of behavior under 

0 conditions are descnbed by Schmidt-Nielsen (1964) He shows 

1 * a "‘ mah ’ such “ the kangaroo rat, manage to survive un- 

™tte™Tfk te ™ perat ? res and W1 * httle or no water by changing their 
avoids exnn ehaV1 ? r> becom,n 8 “escapists ” The kangaroo rat 

ground ShT\ i° h ! gh tem P er ature by burrowing into the 
shade to prevent th u rabbit ’ blde ln small depressions or seek 

£* fr ° m - excessive heat and to pre- 

changes m behaMorunde^tH 301113 ! ev,denLe regarding the extent of 
posture activitv eat v. , erma * stress > it is clear that alterations m 
adaptates for 
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Water Intake 

When die heat load causes the animal to initiate steps to increase rate 
of evaporation from the body, die water initially comes from the blood. 
This must be replenished by water mobilized from a number of 
sources. Among these are the stomach, intestine, interstitial fluids, 
feces (see Table 3.1, fecal water), and probably oxidation of some 
stored carbohydrate, fat, or protein. As water is drawn from these 
sources, some action through the blood, or more likely dirough nerve 
impulses, acts on the “thirst center” in the brain to create a desire for 
restoration of the body water to normal levels. Just what the extent of 
dehydration must be before the thirst center becomes operative has 
not been discerned, but it has been demonstrated that man and the 
majority of domestic animals will make efforts to seek water when the 
equivalent of less than 1% of the body weight has been lost (Adolph, 
1964). 

As ambient temperature rises, there is a corresponding increase 
in free water intake. A 500 kg lactating cow will ingest approximately 
50 kg of water per day at 21°C, but may increase this by 25-100% at 
32°C (Table 3.1 and 14.3). Some individual cows or sheep will in- 
crease their intake by 100% or more at 30-33°C, but intake generally 
reaches a ceiling when ambient temperatures exceed 35°C (Johnson, 
1967). Water needs for livestock are discussed further in Chapter 14. 


Body Temperature 

Excessive heat in die body produces undesirable effects on a number 
of physiological processes, principally metabolism, by lowering of the 
feed substrate to the cells and lowering of the calorigenic hormone 
levels (thyroid stimulating hormone, ACTH, and hydroxysteroids). 
Exposure to 27°C or above for several hours will frequently cause 
enough buildup of heat in the body to make the body temperature rise. 
A rise in body temperature is often taken as a sign diat the animal has 
failed to develop or bring into action the proper adaptates to maintain 
heat balance. Altiiough there may be disadvantages, a rise in tempera- 
ture can afford advantages. According to Schmidt-Nielsen (1964), the 
camel uses an elevated body temperature very effectively. Under hot 
desert conditions the camel may allow its body temperature to rise 
4-6°C during the day in order to promote or maintain an appreciable 
level of heat loss by conduction. This reduces the need for surface 
evaporation, which in turn conserves body water. 
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Although a rise in body temperature of 0 5°C or higher often re- 
sults m a depression of feed intake, increased respiration rate, ana a 
decrease in performance, it may be that cattle, sheep, or swine tend to 
let body temperature nse m order to aid heat loss by conduction sin 
they do not have a sweating mechanism as efficient as man The extent 
that body temperature may be allowed to nse or the extent that a nse 
in temperature is needed to activate the physiological processes in- 
volved in promoting heat loss is unknown In any case, the negative 
correlation between level of body temperature and milk yield implies 
that some elevation of body temperature may be acceptable 


Use of Water 

Within the 13-18°C range the major avenues of water loss from the 
body are through feces, unne, respiration, and evaporation from the 
skin surface, in that order Under high temperature conditions (27°C 
or above) the order of the magnitude of water loss is essentially re- 
versed, and some water is lost through drivelling of saliva (Table 3 4) 
The reverse order is also the order of the efficiency of removal of heat 
from the body A small number of animals (about 1 per 15 cattle and 1 
per 5 sheep) increase unne output as a means of promoting heat loss 
instead of increasing the output by surface evaporation This condi- 
tion, charactenzed by high intake of water and high output of unne, is 
called diuresis Diuresis is undesirable both because it is inferior 
to increased sweating as a method of heat removal and because the 
animal with extremely high water intake generally has an above- 
average loss in appetite Sheep have been known to die under thermal 
stress when they have devoted almost their full time and attention to 
taking in water Therefore, the way the individual animal shifts its 
avenues of expelling water from the body can be important in ef- 
ficiency of promoting heat loss 

TABLE 3 4 

Wflter loss (kg 124 hr) by nonlactatina 

Holstein cows at 20® c* 30°C 


Source of loss 20°C 30°C 


Feces 

130 

98 

Unne 

117 

14 7 

Saliva 

00 

2.4 

Respiratory tract 

76 

117 

Body surface 

10 6 

293 


So«^, AdA P u4£ rom VtcDo» e U lnd ttcldy l&OT 
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State of Hydration 

Failure to maintain the water content of the body at a normal or near 
normal level (dehydration) will affect primarily blood volume and, the 
circulatory volume to capacity ratio. Dehydration militates against a 
high rate of sweating as well as many other body functions. It is not 
surprising, then, that animals’ responses to hot environments become 
worse when adequate water intake is not permitted. Apart from the 
initial slight dehydration voluntarily adopted oftentimes by animals 
dwelling in warm climates, it can be taken as a general principle that 
tolerance to heat stress, as well as the efficiency of other body func- 
tions, is reduced as dehydration advances. Dehydration, which is sim- 
ply a failure to maintain the normal water content of body fluids, can 
be brought about by many conditions other than a lack of drinking 
water, such as diarrhea. 

Water is normally passed from the stomach into the intestines 
rather rapidly, with about 80% being absorbed into the bloodstream 
from 20 to 30 minutes after it is ingested. If water is readily available 
and the level of thermal stress not extreme, most animals are able to 
prevent dehydration from reaching the stage where body functions 
are impaired. 


Failure of Heat Regulation 

Unless the animal is able to restore its heat balance by means of the 
adaptates mentioned, “progressive degeneration” occurs — expressed 
in the order of diarrhea, failure of the heat regulation centers, weak- 
ness, staggers, convulsions, and death. Failure of the heat regulating 
centers in cattle first appears as an unsteady stance or a staggering 
gate followed by paralysis in the rear legs, with eventual death from 
kidney failure. Postmortem examinations reveal that the muscles 
in the rear legs become dystrophic, due to loss of nerve function 
brought about by damage either to the cells in the central nervous 
center or destruction of some of the local centers. Such degeneration 
from the direct influences of thermal stress seldom occurs, as animals 
take evasive steps by changes in behavior or make drastic reductions 
in heat production. 

Another condition that often influences the animal’s rate of heat 
exchange is its state of health. Since most systems of the body become 
involved in some way in the course of heat regulation, almost any 
disturbance of a body function is likely to have some effect upon the 
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efficiency of heat regulation Similarly, the significance of i *»«*«»/ 
disease or disturbance of bodily function may be affected by demands 
upon the body for heat regulation Many infections, for instance, ar 
accompanied by a rise in body temperature This comes about due 
a change in the "setting” of the heat regulating centers resulting tTom 
the infection In other words, heat loss is inhibited until the tempera- 
ture rises to a new level Under these circumstances, the normal 
avenues of heat loss are upset 

Many skin conditions, such as wool rot in sheep and sunburned 
white skin in cattle or swine, will interfere with the proper function- 
ing of the sweat glands and are likely, therefore, to interfere with 
adjustment to hot environments 


THE ROLE OF ANATOMICAL 
CHARACTERISTICS IN 
HEAT EXCHANGE 

There are certain external body characteristics that can afford advan- 
tages to an animal in withstanding the stress imposed by a hot climate 
These include skin, surface area, pelage, appendages, fat storage, and 
muscling near the skin 


Skin 

The extent of pigmentation and thickness of the skin are related to 
rate of heat exchange Thickness which varies on different parts of the 
body, is influenced by both age and nutrition (Older animals and 
poorly fed animals have thicker skin ) There is also evidence of dif- 
ferences among breeds of cattle (Table 3 5) There seem to be two 
mC . “ SOC,ate l d '“■* <=°W climates (South Devon) and the 
climate* .W Wlt ^ ^ 0t> ^ c ' imates (Africander) In the cooler 
» 'anes with season, increasing ,n winter as a means 
Of he A er„T *" h ° t ’ ** cllmates a *>cker skin, such as that 
rcducJ * fo h ? PS l ° redaCe ** of thermal radiation and 

durable for ° " " arm ' hum,d cllmat es a thin skin would be 
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radiation (Chapter 2 ) m * Was dlscussetl >n relation to solai 
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TABLE 3.5 

Average thickness of skin reported for 
several breeds of cattle and buffaloes. 


Breed group 

Location 

Thickness (mm) 

Africander 

South Africa 

8.73 

South Devon 

United Kingdom 

8.15 

Hereford 

United States 

6.70 

Buffalo 

Egypt 

6.50 

Zebu cross 

United States 

6.43 

Illawarra Shorthorn 

Australia 

6.23 

Nguni 

United States 

6.00 

Boran 

Uganda 

5.98 

Zebu 

India and 



United States 

5.77 

Angus 

United States 

5.57 

Shorthorn 

United Kingdom 

5,69 

Jersey 

United States 

5.46 

Angoni 

South Africa 

5.46 


Surface Area 

When ambient temperature is below body temperature, a large body 
surface affords obvious advantages in heat loss by conduction, but 
when the ambient temperature is near or above body temperature, a 
large surface in relation to mass has disadvantages, A large body sur- 
face is helpful too under hot, humid conditions as it aids in promoting 
surface evaporation. There are breed differences in surface area per 
unit of body mass and body configuration that are worthy of considera- 
tion in determining the type of animals most adaptable to hot climates. 
These points are covered in Chapter 5. 


Pelage 

The length of hair coat of livestock is dependent upon species and 
breed, nutritional level, temperature conditions and prevailing photo- 
period. Animals indigenous to warm climates, especially cattle, tend 
to have characteristically short hair coats. Since rate of surface evap- 
oration is related inversely to length of hair, where rapid evapora- 
tion is desirable for convection-evaporation, short hair is preferable. 
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TABLE 3.5 

Average thickness of skin reported for 
several breeds of cattle and buffaloes. 


Breed group 

Location 

Thickness (mm) 

Africander 
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Surface Area 

When ambient temperature is below body temperature, a large body 
surface affords obvious advantages in heat loss by conduction, but 
when the ambient temperature is near or above body temperature, a 
large surface in relation to mass has disadvantages. A large body sur- 
face is helpful too under hot, humid conditions as it aids in promoting 
surface evaporation. There are breed differences in surface area per 
unit of body mass and body configuration that are worthy of considera- 
tion in determining the type of animals most adaptable to hot climates. 
These points are covered in Chapter 5. 


Pelage 

The length of hair coat of livestock is dependent upon species and 
breed, nutritional level, temperature conditions and prevailing photo- 
period. Animals indigenous to warm climates, especially cattle tend 
to have characteristically short hair coats. Since rate of surface ev-m 
oration is related inversely to length of hair, where rapid evanora 
tion is desirable for convection-evaporation, short hair is preferable" 
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TABLE 3 6 

H airfoil tele density length and diameter reported for several 
groups of cattle and buffaloes 


Breed 

Approximate 
no /cm 1 

Length 

(mm) 

Follicle 

Diameter 

(M) 

Buffalo (Egypt) 

394 

_ 


Zebu (India) 

1400 to 2600 

36 

54 2 

Jersey (U S ) 

600 to 1100 

5 1 

56 1 

Holstein (US) 

550 to 1095 

49 

557 


Tolerance to heat stress has been shown to increase after clipping of 
the hair coat (Yeates, 1965) When necessary, cattle will shed their 
long hair coat, leaving a shorter one, as an adaptive mechanism to 
promote heat loss The lay of the hair (erect or lying flat) is another 
important factor in convective cooling and to some extent in reducing 
thermal radiation (Turner and Schleger, 1960) 

Since it has been found that cattle have a sweat gland at the base 
of each hair follicle, the number of follicles per unit area will have a 
relabonship to the potential effectiveness of heat loss by sweating 
Id huff , 8lVeS -A° me ran8e:s of halr fo!1,de dens ' t >' for groups of cattle 
troo s T f ° rCattl<! 3re large ' originating m the 
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sebaceous stands onh^ t” 11 ’ S alS ° 51gmficanL Secretions from the 
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by the body. But there is no evidence that color constitutes a signifi- 
cant role in heat loss. 


Appendages 

Many people hold the view that the Zebus are superior to European 
breeds of cattle in thermoregulatory ability largely because of their 
large ears, dewlap (hanging fold under the neck), navel folds, and 
prepuces. But it has been found that tire dewlap has a low suriace 
evaporation rate at high temperatures as compared to other areas of 
the body— the dewlap secretion rate is 30% below that of the fore- 
chest, paunch, or neck (McDowell et al., 1961). That the dewlap is 
likely to produce less moisture for evaporation is substantiated by 
comparison of the inner-skin-surface blood vessels of the dewlap and 
the upper neck (Figure 3.6). In the top portion of the figure is a sec- 
tion of skin from the neck of a Zebu cow about 15 cm above the dew- 
lap. The right section of the photo depicts the center of the fold of the 
dewlap. (This area corresponds to 3a in Figure 3.4). In the neck sec- 
tion the veins are larger and more numerous than in the dewlap. 

The ears of the Zebu are larger than those of European breeds of 
cattle and very vascular; but their surface in relation to total body area 
is small (<2%), making them of questionable significance in the over- 
all heat loss capability. Unlike the jackrabbit’s ears, which are very 
large relative to its body and tend to remain unfurled, the Zebu’s ears 
curl over with increased size. The tendency to fold over, of course, 
reduces its efficiency for heat loss by conduction. 

Zebu females normally have a larger vulva than European breeds. 
This area is highly vascular, and it has been suggested that the size of 
the vulva is related to the overall capability for promoting heat loss. 
But the vulva represents a small portion of the body surface, it is con- 
sistently covered by the tail, and it is some distance from the major 
sources of heat production in the body. 

The hump of the Zebu contains sweat glands larger than other 
areas of the body; but again its location in relation to the major centers 
of heat production is such that its contribution to the total capability 
for evaporative cooling is limited. It is also held by many that the fat 
tail or fatty rump of some breeds of sheep and the exceptionally large 
horns of some breeds of cattle indigenous to Central Africa and water 
buffaloes are important in promoting heat loss but there is little proof. 
In brief, the appendages play a role in heat dissipation but experi- 
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mental evidence does not bear out the commonly expressed view that 
appendages are the key factor for adaptation to hot climates. 


Fat Storage 

When fat is stored next to the skin, it impairs heat loss. Thus the stor- 
age of fat in the hump of African Zebu cattle and camels, or in the tails 
or rumps of many groups of sheep native to the Middle East and 
Africa, may afford an advantage in promoting heat loss in comparison 
to an equal amount of fat stored immediately adjacent to the skin. 
Contrary to common belief, the hump of the Indian Zebu and the 
Zebu cattle found in the western hemisphere do not have large reser- 
voirs of fat storage. In these cattle the fat content of the hump is 
closely related to the general fat covering of the body. Although the 
hump of these cattle may be well marbled with fat, if the animal has 
good general fleshing, most of the fat is stored immediately adjacent 
the skin. 


Muscling Near the Skin 

The funicular muscles attached to the skin are thought to be impor- 
tant in promoting heat loss but their role is unknown. Probably the 
most important benefit of well developed funicular muscles is in 
repelling biting insects. Ability to move the skin on parts of the main 
trunk readily make it more difficult for ticks, mosquitos or other in- 
sects, to implant on the surface. Bonsma (1949) found, for example, 
that Africander cattle of South Africa had 15 ticks per unit area as 
compared to 175-275 on European breeds. He attributed the dif- 
ference to the better developed funicular muscles of the Africander 
cattle. 


Differences in external body characteristics, particularly con- 
figuration, can sometimes be helpful to the animal in a hot environ- 
ment. But research has shown that the differences among breed 
groups for these traits are not the principle factors responsible for 
adaptability to adverse climates. 
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ACCLIMATIZATION 


Repeated or continuous exposure to a hot environment develops not 
only adaptive functioning of the animal’s main physiological proc- 
esses, but also functional or structural changes that increase its abil- 
ity to live in this type of environment The animal that has shifted its 
processes to a new plateau to the extent it shows a minimum rise in 
body temperature is considered more nearly acclimated or fit for liv- 
ing in a hot environment than one that shows a major shift in the heat 
balance However, this concept is far too rigid because immediately 
upon exposure of an animal to a hot environment, heat regulation and 
acclimatization merge imperceptibly At any given time, the tempera- 
ture of the body depends not only on the heat load at that time but also 
to some extent on the preceding heat load (Prosser, 1969) This makes 
it obvious that regulation of heat balance and acclimatization are con- 
tinuous and interdependent no matter what the external environment 
may be 

We need, therefore, to distinguish between the state of acclimati- 
zation and the ability to acclimatize It is reasonable to assume that 


animals that remain for long periods at a fairly constant temperature, 
for example, at low altitudes near the Equator, are less able to adjust 
to a new environment than animals that are accustomed to changes of 
climate The state of acclimatization to hot conditions may be good 
among animals indigenous to the area, but their ability to adjust to 
another environment is likely to be poor There is some experimental 
evidence to suggest that fluctuations of temperature with different 
seasons improve the ability to acclimatize This raises the question, 
is it possible for an animal to be acclimatized to both heat and cold at 
the same time? Insofar as acclimatization is brought about by the 
hypothalamic centers, lt is possible for a variety of conditioned re 
ilexes or habitations to exist simultaneously Thus it appears that ac- 
chmauzation can be used to describe a fluctuating condition taking 
mad. r , , the , b ° d) : If * 1S 1S attempts should not be 
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of the tail. Also, if mice coming from litters bom in the 32°C tempera- 
ture were switched to the cool temperature they foiled to develop 
the enlarged tails. This clearly shows an adaptate-environment inter- 
action (Harrison, 1963). Such pronounced changes in phenotypic 
traits have not been observed in forge animals, but the age at which 
cattle or other stock are moved from a temperate climate to a hot cli- 
mate is important in their ability to adjust to the hot environment. 

The methods of measuring the adjustments or lack of adjustments 
are also important in assaying how the animal functions in a new en- 
vironment. For instance, short-term exposures of cattle to high tem- 
perature conditions in a controlled temperature laboratory have re- 
sulted in a high rise in body temperature in some animals, and a rela- 
tively small change in others. The difference in magnitude of response 
between animals or groups in these experiments has been used to 
predict suitability for a hot climate. But it is evident from the dis- 
cussion of the basic phenomena of heat regulation and the employ- 
ment of adaptates that decisions based on one measure may not re- 
flect the real suitability of an animal to a hot environment. It is con- 
ceivable that the animal with the more elevated temperature will be 
functioning less efficiently than when its temperature was lower, 
but as often happens with lactating cows, the higher producer has the 
higher body temperature under hot conditions. So functional adapta- 
tion would be a more satisfactory measure of acclimatization from 
tire livestock producer's standpoint. (See Chapter 5.) 

The thyroid gland is clearly involved in acclimatization, and it 
has been suggested that acclimatization can be characterized by resto- 
ration of thyroid activity to normal levels. The hypothalamus is also 
closely involved, both directly, through determining which heat loss 
functions are put into stronger action, and indirectly, through the ac- 
tion of the thyroid gland. Metabolic level and duration of exposure 
are both basic factors in assaying the degree of acclimatization. 

In a complex, closely integrated mechanism such as the animal 
body, it is inevitable that an alteration in activity of one part should 
have repercussions in other parts. Unfortunately, these interrela- 
tionships among various body functions are by no means clear at this 
time. (See Chapter 5.) 



Selected References 


Adolph, E F 1964 Perspectives of adaptation some general properties In 
Adaptation to the environment Sect 4 Handbook of physiology Amur 
Physiol Soc , Washington, D C 

Bianca, W 1961 Heat tolerance in cattle— its concept, measurement and 
dependence on modifying factors Intern*! J Biomctcor 5 5 
Bianca, W 1965 Reviews of the progress of dairy science Sect A Physi- 
ology Cattle in a hot environment J Dairy Res 32 291 
Blaster, K. L 1964 Metabolism and metabolic body size A study with cattle 
and sheep Umv Missouri Agnc Exp Sta Spec Rpt 13, Columbia 
Bligh, J 1967 A thesis concerning the processes of secretion and discharge of 
sweat Environmental Res 1 28 

Bond, T E 1967 Microclimate and livestock performance in hot climates 
In Ground level climatology Ed R. H Shaw Amer Assoc Adv Sci 
Pub 86, Washington, D C 

Bonsma, J C 1949 Breeding cattle for increased adaptability to tropical and 
subtropical environments J Agnc Sci 39 204 
Brobeck, J R I960 Food and temperature Recent Prog Horn Res 16 439 
IuVa!?*- Climatology data needed to spec, fy cl, mat, c stress l’roc 

FAO RomT Panel on Anlraal Breeding ami Climatology AN 106819. 

Fmd .vs,'i 1 ’ :f D Rol ; e, V h ™ The role of the sympathoadrenal 

Sndi m is ° f swea,,nB ,hli « <«»> '™™s) J Physiol 

CaS8 »non S P ;„Va S ™T , l' a n dI , D Hardy 1967 ^ttoifort and tliermal sen- 

..cXeTt^renSrs'Tr' re!POnS<!S Van “ S =“ ,Cn ’' 

ate £lphfa. E 1968 ^ aptatlon °f domestic animals Lea & Febiger, Fhda- 



THE ANIMAL BODY IN WARM ENVIRONMENTS 


99 


Harrison, G. A. 1963. Temperature adaptation as evidenced by growth of 
mice. Fed. Proc. 22:691. 

Johnson, H. D. 196T. Climatic effects on physiology and productivity of Cat- 
tle. In: Ground level climatology. Ed. R. H. Shaw. Amer. Assoc. Adv. 
Sci. Pub. 86, Washington, D.C. 

Johnston, J. E. and E. J. Stone. 1966. Effects of hot weather on milk produc- 
tion and feed consumption of dairy cattle. Proc. 4th International Biome- 
teor. Congr. Rutgers, N. J. August. 

Joshi, B. C., R. E. McDowell, and D. P. Sadhu. 1968. Effect of drugs on sweat- 
ing rates in Hariana cattle. J. Dairy Sci. 51:905. 

Kibler, H. H. and S. Brody. 1950. Effects of temperature, 50° to 105°F and 
50° to 90°F, on heat production and cardiorespiratory activities in Brah- 
man, Jersey and Holstein cows. Univ. of Missouri Agric. Exp. Sta. Bull. 
464, Columbia. 

Kibler, H. H. and S. Brody. 1952. Relative efficiency of surface evaporative, 
respiratory evaporative, and non-evaporative cooling in relation to heat 
production in Jersey, Holstein, Brown Swiss and Brahman cattle, 5° to 
105°F. Univ. of Missouri Agric. Exp. Sta. Bull. 497, Columbia. 

Lee, D. H. K. 1961. Problems in the environmental adaptation of domestic 
animals. Annals N.Y. Acad. Sci. 91:608. 

McDowell, R. E. 1966. The role of physiology in animal production for tropi- 
cal and subtropical areas. World Rev. An. Prod. 1:39. 

McDowell, R. E. 1967. Factors in reducing the adverse effects of climate on 
animal performance. In: Ground level climatology. Ed. R. H. Shaw. 
AmeT. Assoc. Adv. Sci. Pub. 86, Washington, D.C. 

McDowell, R. E., D. H. K. Lee, and M. H. Fbhrman. 1954. The measurement 
of water evaporation from limited areas of a normal body surface. J. Ani- 
mal Sci. 13:405. 

McDowell, R. E., B. T. McDaniel, M. S. Barrada, and D. H. K. Lee. 1961. 
Rate of surface evaporation from the normal body surface and with sweat 
glands inactivated under hot conditions. J. Anim. Sci. 20:380. 

McDowell, R. E. and J. R. Weldy. 1967. Water exchange of cattle under heat 
stress. Biometeorology Vol. 2, Part 1, pp 414—424. Pergamon Press, N.Y. 

Nat’l Acad. Sci. 1971. A guide to environmental research on animals. Nat’l 
Acad. Sci. Pub. ISB NO-309-0 1869-2, Washington, D.C. 

Nay, T. and R. H. Dayman. 1956. Sweat glands in Zebu (Bos Indians L.) and 
European (Bos Taurus L.) cattle. Austr. J. Agric. Res. 7:482. 

Post, T. B. 1963. Plasma protein-bound iodine and growth rates in beef cut- 
tle. Austr. J. Agric. Res. 14:572. 

Prosser, C. L. 1969. Principles and general concepts of adaptation. Environ- 
mental Res. 2:404. 

Ragsdale, A. C., C. S. Cheng, and II. D, Johnson. 1957. Effects of constant 
environmental temperatures of 50°F and 80° F on the growth responses of 
Brahman, Santa Gertmdis and Shorthorn calves. Univ. of Missouri Agric. 
Exp. Sta. Bull. 6-12, Columbia. 

Robertsluw, D. 1966. Sweat gland functioning of the domestic ruminants. 
Proc. 4th Biometcor. Congr. Rutgers, N. J. August. 



100 animal responses to warm environments 

Robinson, K. W and L R Moms I960 Adrenal cortical activity in sheep as 
measured b> urinary 17-ketogcnic steroid excretion Austr J Agnc Res 
11 236 

Schmidt Nielsen, K 1964 Desert amniaf physiological problems of heat 
and water Oxford Umv Press, New York 

Stevens, J C , L. E Marks, and A P Ga gge 1967 The quantitative assess- 
ment of thermal discomfort Environmental Res 2 119 

Taneja, G C 1956 Adrenergic sweating in cattle Nature, 177 182, 

Turner, H G and A V Sehleger 1960 The significance of coat type in cat- 
tle Astr J Agnc Res 11 645 

Whitlow, G C 1967 Climatic effects on physiological functions In Ground 
level climatology Ed R H Shaw Amtr Assoc Adv Sci Pub 86, Wash- 
ington, D C 

Yeates, N T M 1965 Modern aspects of animal production Butter" orths, 
Washington, D C 

Yeck, R G and 11 H hibler 1956 Moisture vaporization by Jersey and Hol- 
stein cows during diurnal temperature cycles as measured by hygro* 
metric tent Umv Missouri Agnc Exp Sta Bull 600. Columbia. 



4 


Consequences of Thermal 
Stress on Livestock 
Performance 


The preceding chapter dealt with the influences of warm climates on 
the basic processes of heat exchange between the animal and its sur- 
roundings. This chapter is concerned with the direct consequences of 
thermal stress on those processes related directly to animal perform- 
ance. The indirect effects of warm climates — through feed supplies, 
diseases, and parasites— will be taken up in later chapters. 

There is a mass of technical literature verifying the hazards for 
livestock of temperature conditions above and below their “comfort 
zones/* But most of the studies have been conducted under labora- 
tory, rather than field, conditions. So at present our conclusions about 
the direct impact of warm environments on livestock performance 
are not supported by as much research as we would like. Neverthe- 
less, a fairly clear picture has emerged from research and experience 
in the field, to a point that a degree of rationale can be made about 
variations among species and breeds in their responses to thermal 
stress. 
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ANIMAL RESPONSES TO WARM ENVIRONMENTS 


FEED INTAKE 

One of the first noticeable responses of most livestock to thermal 
stress is a decrease in food intake The extent of the depression air- 
pears to be directly related to the level of stress (Size and age of the 
animal are also factors) This relationship is illustrated with data from 
swine feeding in Figure 4 1 Similar observations have been made 
with laying bens Birds decrease their intake about 1 5 c 'o for each 
1°C nse tn environmental temperature above 25*C Lactating cows, 
producing 30 kg or more of milk per day, exhibit some depression in 
appetite at 25°C, show a marked decline above 30°C, and virtually 
stop eating at 40°C (Johnson, 1967) 

In one senes of expenments, the digestible energy consumed by 
lactating Holstein cows declined 1 t7o from the level at 21 C C after one 
week of exposure to 32°C There was a further decline of i% die sec- 
ond week (Table 4 1) The level of feeding prior to the tune of thermal 
stress is a factor in determining both the ambient temperature at 
which appetite will decline and the rate of decline (High fed animals 
show more decline under stress than low fed ones) The type of feed 
offered is also important If lactating cows arc* given a ration of hay and 
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TABLE 4.1 

Efficiency of energy utilization for milk yield, and digestibility for lactating Holstein 
cows at 21°C and after 7 and 14 days of continuous exposure to 32°C temperature. 


Factor 


Avg for 
12 cows 
at 21°C 


Avg % deviation from 
21°C level 


7 days 14 days 

at 32° at 32 Q 


Efficiency of utilization of digestible 


energy for milk (%) 

60 

-35 

-51 

Digestible energy (DE) consumed 

(Mcal/day) 

38 

-14 

-18 

Maintenance requirements 

(Mcal/day) 

15 

-1 

-2 

Meal DE for production/day 

22 

28 

34 

Solids corrected milk 

(Mcal/day) 

12.6 

-28.6 

-39.7 

Digestibility 

Dry matter (%) 

60 

3 

5 

Calories (%) 

59 

1 

2 

Fiber (%) 

35 

7 

12 

Rate of passage 


0 

0 


Source.- Adapted from McDowell et at., 1969. 


silage on a free choice basis, plus concentrates at the rate of 1 unit to 
3 units of milk produced, they will first reduce the intake of hay 
(r = —0.67 for hay intake when maximum daily temperature is above 
28°C). Silage consumption will decline when maximum daily tem- 
perature exceeds 31°C, but full intake of concentrates will normally 
continue until maximum daily temperature exceeds 35°C. 

The tendency of animals to reduce their consumption of hay un- 
der thermal stress was demonstrated in another experiment in which 
8 pairs of identical twin Jersey heifers were separated and reared 
either in New Zealand or the humid tropical climate of Fiji. They re- 
ceived the same type of hay and concentrates in both places. The 
Fiji group ate less hay but more concentrates. Consequently, the total 
starch equivalent intake was nearly the same in the two environments 
(Payne and Hancock, 1957). 

In general, young cattle have a higher threshold to high tem- 
peratures for decreased appetite than lactating cows, although tins 
point is not clearly established. In two series of experiments with 
groups of 12- to 18-month-old Shorthorn heifers exposed to 32°C en- 
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FIGURE 4 V- , 

Rale of feed intake and average daily gam* for group* of heifers precondiuonea 
to cool (winter) and warm conditions (summer) before and during exposure to a 
constant temperature of 32*C for 95 or 200 days (Adapted from McDowell 


1968) 


vironments continuously for either 95 or 200 days, feed lritake de- 
clined only 3-5% (Figure 4 2), and returned to normal levels after 
2 weeks On the other hand, a senes of expenments with groups of 
3-month old Shorthorn heifers raised for 9 months at either 10 or 
27°C showed that feed consumption (measured on an actual intake 
basis) was continuously lower at 27°C (Ragsdale et al , 1957) But 
the heifers kept at 27°C were smaller at the beginning and remained 
so for the 9 month penod When the intake of the two groups was ex- 
pressed as intake per unit of metabolic size (W* 4 ), the influence of 
temperature on intake was small 


Numerous research reports have stressed the differences among 
breeds of cattle in their changes in feed consumption with rising en- 
vironmental temperature -particularly between Zebu (Bos indicus) 
breeds and European breeds Two prominent senes of experiments 
were performed under controlled temperatures at the University of 
Missouri (Ragsdale et al , 1950 and 1951) It was reported that the 
teed intake oflactating Jersey, Brown Swiss, and Holstein cows was 
38?' AfOTnTi?’ ^ hlk that ° f Biahman cows not decline until 
numb a 6 t j fee ®*“ ro P ean breeds consumed three times as 

At35°C Pr ° duc , ed fi _y e llmes as much milk as the Brahman 

the " ropea j J eed / avcra8ed *ree times more milk 

rahman and their feed consumption remained higher Even 
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under the most severe temperature (41°C), the Jerseys, Brown Swiss, 
and Holsteins averaged 43% higher feed intake and 45% higher milk 
yield than the Brahman, although the average feed intake and milk 
yields of the European breeds was markedly lower than at 20°C. At 
the University of Missouri studies of the influence of 27°C on the 
feed intake of Brahman, Santa Gertrudis, Brown Swiss, Holstein 
and Jersey heifers were also conclusive on the importance of differ- 
ences among breeds. In another test in Australia (Allen et al., 1963), 
Jersey heifers were reported to have a greater depression of feed 
intake in a hot room at 39°C than Zebu heifers. Under cool conditions 
the Jerseys consumed approximately 50% more feed than the Zebus. 
And even though the feed intake of the Jerseys declined about 40% 
at 39°C, their level of intake was similar to that of the Zebus. 

Under field conditions, it has been reported on numerous occa- 
sions that Zebu cattle continue to graze during the hotter part of the 
day while European breeds seek shade. It has been assumed that 
this pattern of behavior reflects higher intakes by the Zebus. But 
there is little evidence that the Zebus make greater gains or produce 
more milk than their herdmates of pure European breeds, or crosses of 
European and Zebu breeds. Experiments in Africa have shown 
markedly higher levels of intake by Herefords than indigenous Zebus 
(Rogecson et al., 1968). It seems, therefore, that more concern has 
been expressed over breed differences than is warranted by current 
research. 

It is evident that reduced intake of feed is a response to heat 
stress that lowers performance in the warm climate regions. The ques- 
tions are: what makes the animal tend to stop eating sooner at higher 
temperatures? and what remedial measures can be employed? Even 
though the direct and indirect pathways for controlling changes in 
appetite are not entirely defined, there are no doubt at least three 
factors involved: (1) direct regulation by the heat regulating centers, 
(2) interference with feeding by high respiration rate, and (3) changes 
in behavior directed toward decreased heat production or removal 
of the animal from the proximity of feeding areas, such as seeking 
shade. 

Brobeck has suggested, from studies with rats, that the heat pro- 
duced due to the specific dynamic effect of feed, causes the rostral 
cooling center of the hypothalamus to stimulate the medial satiety 
center and to inhibit the lateral appetite center, causing feed intake 
to cease. An external heat load adds to the heat produced from diges- 
tion, resulting in a more rapid cessation of feeding (Brobeck, 1960). 
The observation that the adrenal cortex is required for the mainte- 
nance of appetite is important because it seems that adrenal cortical 
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activity ,s reduced by heat Brobeck also hoi ds *e 

distention and blood glucose or ammo acid level ' j 

witli the other hypothalamic events to produce a final pattern ol 

mtak There is some further evidence from experiments with rats that 
metabolites circulating through the hypothalamic region may deter- 
mine food intake Changes of hypothalamic temperature inruminan 
have also given results that support the thermostatic hypothesis 
Cooling the anterior hypothalamus and preoptic areas caused a s - 
bated goat to eat, while warming these areas inhibited eating »n a 
fasted goat (Anderson and Larson, 1961) Still, others have concluded 
from studies with goats that hypothalamic temperature is more related 
to activity than food consumption per se This theory is based on the 
observation that goats are more acbve when eating than when stand- 
ing quietly or resbng 

Though there is some evidence that thermostatic regulation plays 
an important role in regulating feed intake, it is difficult to formulate 
a hypothesis for purely thermostatic regulation of voluntary intake 
under hot condihons because in ruminants the peak of heat produc- 
tion frequently occurs after food intake has voluntarily ceased Since 
the concentrabons of ruminal acetate, propionate, and total volatile 
fatty acids do not increase significantly following feeding, a theory 
based on chemostabc regulabon is equally difficult to formulate The 
peaks in the concentrahons of volable fatty acids in the rumen and 
blood are, more frequently than not, attained after food intake has 
ceased 

The evidence from experiments conducted under constant tem 
perature condibons in laboratories and in some cases field expen 
ments suggest that the prevailing temperatures in much of the N-S 30° 
latitudes have a direct effect on appetite and level of feed intake But 
apparently the direct influence of temperature does not senously 
impair intake under good management regimes Cattle and sheep 
may seek shade during the hottest part of the day and avoid eating, 
ut i adequate feed is available they will normally consume their 
hill requirements m the cooler part of the day Isolabng animals from 
teed after mid or late afternoon and dunng the hours of darkness is 
r,“ e ’ becaUse 11 restncts total daily feed consumphon Dry 
lotfeedmg experiments in Georgia and Louisiana showed that dur- 

-tew 20% fr „ m d;,sr:,rr^“ 
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tern did not materially depress the level of milk yield. Management 
practices designed to insure maximum intakes of feed are discussed 
further in Chapter 14. 


EFFICIENCY OF FEED UTILIZATION 

Most of the reports dealing with feed utilization in relation to tem- 
perature levels are expressed as gross efficiency— i.e., the amount of 
feed consumed per unit of yield measured as milk or body weight 
gain. The research has generally shown depression in gross efficiency, 
decreased intake of feed, and lowering of total heat production with 
rising temperatures, up to about 30°C. However, above 30°C there is 
a rise in heat production because of the added heat from increased 
activation of tire heat loss mechanisms (Figure 4.3). With the lowered 
intake and resulting lowered total heat production, a greater propor- 
tion of the energy consumed goes for maintenance, resulting in a de- 
cline in gross efficiency. 

Table 4.2 compares the effects of cool (10°C) and hot conditions 
(32°C) on the gross efficiency of swine of various weights. These com- 
parisons suggest that gross efficiency (feed/100 kg gain) is related to 
both temperature and the size of the animal. In the small pigs (33 kg) 
efficiency was higher at 32°C than at 10°C, whereas in the larger pigs 
(over 68 kg) efficiency was much lower at 32°C. The group observed 
from weaning to 9 1 kg reflected a cross section of sizes and, therefore, 
an averaging out of the gross efficiency changes of smaller and larger 
pigs. The marked decrease in efficiency for the larger pigs probably 
resulted from a decrease in appetite, coupled with an increase in the 
expenditure of energy in thermoregulation, since their comfort zone 
is at a lower range than for young pigs. A further illustration comes 
from a comparison of pigs of similar breeding fed the same rations in 
large swine rearing units located on the north coast of Puerto Rico 
(hot) and Nebraska (temperate). The pigs in Puerto Rico required 
11% more feed per unit of gain. 

The two series of experiments described earlier, dealing with 
Shorthorn heifers maintained on a high energy ration at 32°C for 95 
or 200 days (Figure 4.2), illustrate the influence of thermal stress on 
efficiency of feed utilization. In both tests the groups were offered 
the same high energy ration at tire rate of 9.0 kg TDN (total digestible 
nutrients) per 100 kg of body weight. This level of feeding gave aver- 
age daily body weight gains of 0.81 kg prior to the onset of the heat 
stress. At 32°C feed refusals were small and lasted only a short period. 
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Air temperature ( C) 


figure 4 3 . 

Influence of an temperature on booy 
heat producUon of shorn sheep ted at 
a high lesel {Data from Armstrong 

el of 1959) 


TABLE 4 2 

Effects of tu.0 levels of temperature on 
f,rots efficiency of same of carious u.ciahts 



Ag fecdllOO kg gain 

Teil 

WC 

32°C 

68 kg pigs 32-day Inal 

1089 

2142 

Weaning to 91 kg body weight 

840 

873 

75 to 89 kg initial v, eight, 28-day tnal 

889 

1005 

33 kg initial wt, 32-day tnal 

1034 

814 


Source Adapted from I&jJJ. 


There was no indication of a significant change in digestibility of 
dry matter or rate of passage through the digestive tract But in the 
early weeks the utilization of feed energy for gains was markedly re 
duced (—75% in the winter group and —50% in the summer group) 
The recovery to near the original level of gam of the “summer** heifers 
was much more rapid than that of the “winter” group (75 vs 170 days) 
Inis indicated the summer heifers were better prepared for the 
change in environment The highest level of gam m both groups at the 
a U tem P e ™ture was 0 7 kg per day-which suggests the maximum 
eihuency of energy utilization for gam was 12% below that of 17- 


(T t!." * e . Qther se r nes of experiments with lactabng Holstein cows 
energy for rn effi e'eney of nt.hzat.on of d.geshbk 

3"°C and 60% at 21 ° C ' but on >y after 7 days al 

neshMe tneriwnn. a t 5 " avera S e ^ eonsnmphon of d. 
gestible energy (DE) deel.ned about 16% at 32"C, but the da.ly out 
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put of milk energy (solids corrected milk) declined more than 22%; 
hence, the cows continued to consume more energy than they needed 
for body maintenance and production under the stress conditions but 
gave poorer returns. These findings clearly show that thermal stress 
would have the same wasteful effect in the energetics of production 
as shivering in the cold. 

Reports from the University of Missouri (Kibler et ah, 1949, and 
Kibler and Brody, 1956) showed marked declines in metabolic heat 
production of lactating cows with rising ambient temperature. These 
reports, along with the suggestions by the National Research Council 
(NRC) and the Food and Agriculture Organization (FAO) based on 
food intakes in tropical countries, of a decrease in caloric require- 
ments for man of 5% for every 10°C above the base temperature of 
20°C (NRC) or 10°C (FAO), have led to tire general assumption that 
total caloric requirements have a negative relationship to tempera- 
ture. But this assumption has been contradicted by the work of 
Consolazio and Shapiro (1964). Their studies showed that the calories 
required per hour by a resting man at 40°C were 8.5% higher than those 
at 26°C, and for similar work performed in the two environments, 
the caloric requirements were 18.0% higher in the hot environment. 
They concluded that the significant increase in energy requirements 
under high temperature conditions was brought about by a combina- 
tion of increased action of the blood in heat transport, increased ac- 
tion of the sweat glands, and increased metabolic rate due to the ele- 
vation of body temperature. 

The experimental evidence cited above suggests that cattle, too, 
may have to make increased energy expenditures to combat thermal 
stress. (The observed decrease in energy intake by the cows in Ta- 
ble 4.1 probably resulted from a combination of the effect of the 32°C 
on the appetite center and the interference with feeding by high 
respiratory rates.) These findings lead to the premise that in hot cli- 
mates the cost of producing a unit of energy, measured on an input- 
output basis, will be higher than in cool climates because thermal 
stress increases the animal’s maintenance requirements. Although 
direct determinations of daily maintenance requirements have not 
yet been made, indirect evidence indicates that requirements for a 
450 kg cow would vary with ambient temperature approximately as 
shown in Figure 4.4. Based on this hypothesis, extremely high tem- 
peratures would require as much extra feed to maintain a constant 
level of performance as extremely low temperatures. The changes in 
maintenance requirements portrayed in Figure 4.4 normally go un- 
recognized except as expressed as a decline in the input-output ratio 
of feed to growth (Table 4.2) or milk yield (Table 4.1). 
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LjkehM changes in daily maintenance 
requirements (Mcal/day) for 450 leg co 
with changing ambient temperature 


Other tests under field conditions in Maryland, Louisiana, Flor- 
ida and Puerto Rico have shown similar depressions in elhcie y 
energy utilization for productive processes under high tempera 
conditions Dunng the penod June-September, lactabng cows in 
Maryland were 10% less efficient in the use of digestible energy 
milk production than dunng the penod December-March In Loui- 
siana lactating cows were 12% lower in gross efficiency in the pen 
July-August than in Apnl-May 

From expenments with controlled temperature ranges, it appear 
that the efficiency of feed utilization by poultry is also subject to 
marked fluctuations because of high temperatures Adult chickens ap- 
pear to do best when reared in the range of 1T-21°C, with best effi- 
ciency of feed conversion occumng at about 18 e C (Payne, 1966) The 
optimum for laying hens is 13-15 6 C, but between 10 and 29°C there 
is no senous influence on production Temperatures less than 7°C or 
greater than 29°C cause smaller egg size and increased mortality 
Like young pigs, young poultry have a narrower but higher tempera- 
ture than adults for best efficiency Chicks under 4 weeks of age do 
best at 27-30’C, while 5 to 10 weeks old chicks make their best gains 


at 18-27 e C Similar fluctuations in efficiency seem to occur in commer- 
cial production units Operators m Florida found that 0 09 kg more 
feed was required to produce a unit of gain in broilers in the penod 
June- August than in November-Apnl 

From the preponderance of existing evidence we can conclude 
that the direct influence of high temperatures bnngs about a reduction 
in efficiency in the utilization of feed energy for productive processes 
Not only do animals eat less, but they return less per unit of intake 
Another way of desenbing the influence is to say tliat in warm cli- 
mates, generally, “chemical costs’* for a unit of livestock product are 
higher than m cooler climates because a portion— dependent upon 
age, size of animal, stage of lactation, and level of feeding-is si- 
phoned off for the processes required to dissipate body heat 
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GROWTH 

Many experiments conducted under controlled temperature condi- 
tions have demonstrated a retardation in growth rate at high tempera- 
tures, the degree of retardation depending upon the age and size of 
the animals and tire level of ambient temperature. For example, the 
optimum temperature range for swine 45 kg or larger is in the range of 
21-24°C, while that for baby pigs is 27-29°C. The rate of gain for 
45-90 kg pigs will be depressed 40-50% at 4-5°C, 25% at 27°C, and 
40% at 32°C. An environmental temperature of 38°C will decrease 
gains by 80% or even bring about losses in weight, depending on the 
size of the animal (Figure 4.1). Level of humidity is also a critical fac- 
tor in the growth rate of swine, particularly at 27°C or above. 

Gains in lambs were markedly lower at 27°C than at 4°C, although 
the feed per pound of gain required at the higher temperature was 
less. The type of ration — i.e., the ratio of roughage to concentrate — 
seemed to modify significantly the influence of temperature. At 27°C 
lambs receiving a ration of 60% concentrate and 40% roughage gained 
as well as those on 40% concentrate and 60% roughage at 4°C. An- 
other series of experiments with lambs 12-14 weeks of age showed 
that feed intake declined 73% at the end of 2 weeks when the lambs 
were exposed to 32°C. The lowered feed intakes were offset by a 
fourfold increase in water intake; hence, gains were not as low as 
might be expected. After 4 weeks at32°C, 8 of the 16 lambs returned to 
near normal levels of feed intake and gains. The remaining 8 con- 
tinued at low levels of feed consumption, but with very high water 
intake. In the latter group, 4 developed extreme diuresis and even- 
tually died from starvation (McDowell, 1966). 

The pairs of identical twin heifers separated and raised in New 
Zealand or Fiji on similar feeding programs showed some growth dif- 
ferences (Hancock and Payne, 1955). The Fiji group which had ex- 
perienced a setback due to transport and quarantine, averaged about 
9.6% lighter than the New Zealand group at first calving. But when 
the initial setback in growth rate following transport was taken into 
consideration, the differences between the environments were small. 
There may have been some difference, however, in body composition, 
as the Fiji heifers had higher intakes of water. The Fiji heifers had 
smaller skeletal dimensions except for heart girth, which was larger. 
The larger heart girth was attributed to the animals' drinking about 
twice as much water in Fiji as in New Zealand. 

Table 4.3 shows the results of growth rate studies in which 6 
breeds of dairy and beef heifers were reared at 10°C or 27°C for ap- 
proximately 10 months. Of the beef breeds, the Brahman heifers grew 
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of hetfm of venous breeds - 

‘ Temperature (°C) 


Breed 

10* 

27 

WEIGHT AT 3 MONTHS (KG) _ 

Santa Gertrudis 
Brahman 

Shorthorn 

Jersey 

Brown Swiss 

Holstein 

93 

88 

67 

66 

74 

104 

89 

90 

61 

57 

89 

95 

AVERAGE WEIGHT AT 12 MONTHS (KG) 

Santa Certnulis 

343 

313 

Brahman 

286 


Shorthorn 

299 

209 

Jersey 

220 

217 

Brown Swiss 

326 

334 

Holstein 

360 

326 

RATIO OF CHANGE IN WEIGHT 3 TO 

12 MONTHS 

Santa Gertrudis 

2.69 

2 52 

Brahman 

225 

230 

Shorthorn 

345 

2 41 

Jersey 

235 

283 


(2.10-281)* 

(2 24-3 53) 

Brown Swiss 

3.35 

275 


(2.10-367) 

(2 60-287) 

Holstein 

2.48 

242 


(207-280) 

(2 14-2 58) 


Sourer Data fain RaiuUle et ml 1957 Johnaon and Ragadale, 1959 
•Open *W end bon albui toutrul ol tempefttuje ISbcd 
partly nen M alt timet, but eyelet of temperature d d not reach the 
eitiemet of the outitde diurnal cycle for Columbia. Mltsoun) 

•KaJl(c 


mote rapidly at 2TC than at 10”C, the Shorthorns grew far more rap" 
idly at 10 C than at27°C, and the Santa Gertrudis heifers grew equally 
well at both temperatures Of the three dairy breeds, the Holstein and 
Jersey heifers showed decreased growth rate at 27°C, but not the 
Blown Swiss In these experiments there were only three heifers per 
reed on each treatment and there were appreciable differences in 
the initial weights within breed groups between temperature regimes 
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In three of the breeds (Shorthorn, Jersey, and Holstein) the lightest 
animals were assigned to the 27°C environment (Table 4.3). These 
differences may have seriously affected the findings for Shorthorns 
and Jerseys. When the differences in initial weights and inherent dif- 
ferences in growth rate among breeds are accounted for by the use of 
ratio of change in weight from 3 to 12 months rather than absolute 
weights, the results are somewhat different (Table 4.3). Although the 
Shorthorns showed better gain ratios at 10°C than at 27°C, they did as 
well at 27°C as two of the other breeds. The Jerseys did better than the 
Brown Swiss at 27°C, and the Holsteins did equally well at both tem- 
peratures. The variation within each temperature group among the 
individuals of the three dairy breeds was too large to show very clearly 
the effect of 27°C temperature on growth rate. High temperatures 
probably have some influence on the growth rate of cattle, but the 
extent of this influence is not yet known. And the effects of parasite 
infestation, poor quality and inadequate feed, and health problems 
prevailing in the warm climates no doubt far outweigh the direct 
effects of temperature conditions. 

What is probably more important than the influence of environ- 
mental temperature on weight gain is its apparent influence on body 
conformation. For instance, Holstein females of similar breeding in 
Maryland and Louisiana differed in body weight by approximately 
50 kg at 25 months of age, but the Louisiana females were signifi- 
cantly shorter in body length and height at withers than the Maryland 
paternal half-sibs. The two groups received comparable feeding; but 
the cattle in Maryland developed larger frames and carried little fat, 
whereas those in Louisiana showed a rather high degree of fleshing. 
The reason for these differences is unknown. 

A decreased weight-growth rate and smaller adult size, provides 
the animal a large surface area in relation to its mass. This might be 
regarded as a form of acclimation to a high environmental tempera- 
ture, but if it occurs because the environment is so severe that homeo- 
static mechanisms are incapable of maintaining near the normal 
functioning of physiological processes any advantage that small size 
may itself confer is probably inconsequential in comparison with the 
loss of fitness that it represents. In other words, animals whose growth 
rates are not reduced at high environmental temperatures are ap- 
parently more fit than animals whose growth rates are reduced. 

Although it is accepted that genetically small animals (e.g.. Red 
Sindhi cattle) are better adapted to high temperatures than genetically 
large ones (e.g.. Brown Swiss cattle), it does not necessarily follow that 
an environmentally reduced growth in weight is an adaptive response 
to thermal stress. In fact, there is evidence to the contrary. Even 
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ditions (Johnson, 1967), the capa V relationships have 

the animals whose growth is east red “ e (Hamson, 1959) 

been demonstrated on several ““. for Sample! Urown Swiss 
What this means in large animals is that if, J\ res-cool and 
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hot-then both groups shifted to a hotter but 

reared at hot temperatures would have lower body temp 
their feed intake and growth rate would be as much impair 
of the animals reared at cool temperatures This is because the 
of the heat reared animals was reduced 


MILK PRODUCTION 

The effects of temperature on milk production are probably the most 
widely publicized, the reports from field and laboratory experiments 
number in the hundreds All are in agreement that elevated ambien 
temperatures may seriously reduce the feed intake of lactating cows, 
resulting in lowered milk yields 

Although the best temperature for lactating cows is 10-18°C, no 
significant decline in milk yield is usually evident under cold condi- 
tions until the temperature drops to about— 12°C On the other hand, 
the level of milk yield is very sensitive to elevated temperatures, with 
measurable declines occurring in high producing cows at 24°C "The 
level of temperature at which significant depressions will occur is, oi 
course, dependent upon the level of production and the animal s 
size, stage of lactation, and genetic potential for milk yield 

Figure 4 5 shows the estimated effects of various levels of tem- 
perature, humidity, and thermal radiation on the ratio of energy intake 
(Meal 10*/annum) to milk yield (kg 10 3 / annum) for 3 breed groups — 
Zebus (Z), Zebu European crossbreds (X), and Holsteins (H) The up- 
per limits of the curves represent the average annual yields achieved 
by selected herds of 100 or more cows of each type kept under excel- 
lent management regimes The input output ratios are based on a 
constant proportion of therms of energy for maintenance (8 0 Meal per 
day for a 500 kg Holstein and 4 1 Meal per day for a 295 kg Zebu) plus 
ii P \ r0 F 0rtl °? ° f energy cons umed for milk yield (0 13-0 19 Meal/kg 
rmlk), depending on the level of production The horizontal lines por- 
tray the influence of vanous levels of temperature, relative humidity, 
and thermal radiation on yields The locations of the lines are derived 
trom compilations of experiments conducted in climatic controlled 
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FIGURE 4.5 

Influence of various levels of temperature, relative 
humidity, and thermal radiation on energy intake and milk 
yield of Zebu (Z), Zebu-European crossbred (X), and 
Holstein (H) cows. °C-temperature effects with relative 
humidity < 50%; TH-humidity > 60%; and ET-additional 
estimated effect of radiation. (From McDowell, 1967, 

Fig. 5 F. 285. Ground level climatology. Pub. 86. Copyright 
1967 by the American Association for the Advancement of 
Science). 

laboratories (University of Missouri, Louisiana State University, and 
the U.S. Department of Agriculture) as well as field experiments in 
Louisiana and India. The 24.0, 27.0, 29.4, 32.2 and 35.0 lines represent 
the expected depressions in milk yields per lactation at these tempera- 
ture conditions when the relative humidity is 50% or less. The “TH” 
lines represent the five temperatures with relative humidity >60%. 
The “ET” or “effective temperature*’ lines include an estimate of the 
additional impact of average daily solar radiation at the various tem- 
perature levels. For example, the 29.4°C line shows that expected 
lactation milk yield may be depressed to 5000 kg for Holsteins. The 
“TH” line for this temperature is 4277 kg and the “ET” is 4045. This 
signifies that under hot, humid conditions (29.4 ET), the potential 



116 ANIMAL RESPONSES TO WARM ENVIRONMENTS 
TABLE 4 4 

Rehnm of milk yuld to un» 
ambient temperature level* for Cnollo 
and Brown Swiss herd mates under 
farm conditions in Venezuela 


Temperature 

<‘C) 

tfiJfc ytcldldau 

Cnol/o Su-Im 


82 

13 1 


76 

13 2 


73 

13 1 

26 

72 

no 

26+ 

7 1 

12 1 


milk yield of Holsteins would probably be depressed about 50%, bu 
the performance of crossbreds (X) and pure Zebus (Z) would not >o 
seriously impaired Still, the total yield of the Holstein would equa 
or exceed those of the other two groups 

Table 4 4 illustrates the effects of temperature on the milk yields 
of Cnollo (indigenous breed) and Brown Swiss cows in the same herd 
in Venezuela The Cnollo had lower yields at all temperatures Their 
decline was about 12% when the temperature increased from 23 to 
26°C, as compared to 9% for Brown Swiss 

The evidence presented demonstrates that the condemnation of 
European breeds because of low milk yield under hot conditions is 
not warranted, except where the total energy supply is less than re- 
quired to maintain the larger animal Where the energy supply is 
limited to 3000 Meal per year, a small to medium size animal would 


have a higher net efficiency For this reason selection of breeds may 
thus depend more on the total feed supplies available than other 
characteristics There is no question that improved breeds, because 
of their better genetic capabilities for milk production, would be more 
satisfactory in hot climates when 7000 Meal of energy could be sup- 
plied per animal per year 

Of course, there is some degree of variation within breed groups 
in the depression of milk yield in response to rising ambient tempera- 
tures, but there is no effective way of identifying those showing 
minimum declines due to the confounding factors of level of produc- 
eluded and 51ze ° ne rcport (Johnson, 1967) con- 

trolled te 6 ^ ffects of J 118 * 1 temperature on milk yield under con- 
toWeTrr con , dmons depended on the degree of heal 
based on the ® cow a "d °n the level of milk production This was 
based on the observahon that mdk yteld decreased .n all the cows 
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during the first 2 weeks at 29°C, then recovered during the following 
7 weeks in three “heat- tolerant cows” but not in three “heat-intolerant 
cows.” This hints of some variance within the Holstein breed but 
there still remains the confounding factors noted previously. 

Until there are more extensive data on many more animals kept in 
similar environments, it will not be possible to distinguish effectively 
between tire direct effect of warm climates on lactating cows and tire 
indirect effects as mediated through the feed supplies. 


MILK COMPOSITION 

As might be expected, the yield of milk fat of cows exposed to thermal 
stress declines with decreasing milk yield. Hancock (1954), in a 
review, cited numerous experiments that recorded decreases in yield 
of milk fat under high environmental temperatures. In the New 
Zealand-Fiji experiment mentioned above, the twins in Fiji produced 
less milk fat. Under hot-room conditions at the University of Missouri, 
the milk fat yield of Holstein cows declined at temperatures above 
27°C. The milk fat yield of various crossbred cows in Tasmania 
declined at temperatures around 28°C. Studies of the fatty acid com- 
position of milk fat under controlled high temperatures showed that 
any external heat load that raised rectal temperature by 1°C or more 
caused changes in the characteristics of .milk fat. In particular, the 
content of lower chain fatty acids decreased, whereas, that of palmitic 
and stearic acids increased. The reason for the shifts in the ratios of 
fatty acids is unknown. Nevertheless, these shifts can be of practical 
significance as they influence the quality of the milk for cheese mak- 
ing. 

High ambient temperatures appear to have a more marked in- 
fluence on the solids-not-fat (SNF) content of milk than on milk fat. 
In one series of experiments, SNF percentages of 8.26, 8.06, 7.88, and 
7.58 were recorded for the same cows, along with a parallel decline 
in casein percentage, at environmental temperatures of 4, 15, 27, and 
35°C, respectively, (Regan and Richardson, 1938). During the summer 
months in Louisiana it has been estimated that more than two-thirds 
of the milk from herds with predominately Holstein breeding fail to 
meet the 8.5% minimum in SNF set by the state. The amount of milk 
penalized for low SNF content increases as the summer progresses; 
but it is difficult to discern how much the low SNF content results 
from decline in quality of the forages available and how much from 
direct thermal stress on the cows. Holsteins in northern Colombia 
and Venezuela averaged 8.08% SNF, which is about 0.70% below the 
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breed average in cooler cl.mates The SNF content of milk from 
indigenous cattle is normally 8 6% or greater, but how much higher 
it might be in cooler climates is unknown Water buffaloes, sheep, 
goats all have a rather high SNF content under warm conditions A 
large field tnal with Holstems m the U S during the summer months 
showed that at temperatures 25°C and above, the simple correlation or 
percentage SNF and temperature was — 61, while that for temperature 
and milk fat percentage was - 23 and for percent protein - 34 

Thermal stress also appears to bring about some decrease in 
percentage of lactose and acidity in the milk, lowers its level of panto 
theme acids and lowers its freezing point It increases the pH and 
levels of ascorbic acid and riboflavin But it has little effect on the salt 
balance or the carotenoid and vitamin-A levels in milk fat 

Currently, the general conclusion is that the decline in the milk 
yield of cows exposed to thermal stress is predominantly the result or 
heat induced depression in feed intake —that is, an indirect effect of 
climate This conclusion denves from observations that changes m 
composition accompanying climate are similar to those resulting from 
non climatic factors, such as feed intake or fever accompanying dis- 
ease Feed supply may be as important for milk composition as for 
milk yield in warni climates, except perhaps under the most severe 
environmental conditions 


REPRODUCTION 

High environmental temperatures can cause a decline in the repro- 
ductive efficiency of both males and females through decreased 
gametogenesis, libido, estrns, ovulation, fertilization, implantation, 
embryo survival, gestation length, and mothering ability of the female, 
as well as increased problems at parturition time 


Male 

wZ>TchvB^ S COnc,: 7" n f influence of thermal stress on the 
terfere with th lency ° males agree that high temperatures can rn 
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ture. When the relative humidity exceeds 70% at 27°C and above, 
humidity becomes an additional inhibitor. 

The scrota of sheep, catde, goats, and buffaloes all have mech- 
anisms which help to protect the testes from overheating. Through 
actions of these mechanisms, the critical temperature for the initia- 
tion of sweating is lower for the scrotum than for the trunk. And the 
suspensory muscles can be relaxed to allow the scrotum to hang lower, 
which may aid in cooling by conduction. In spite of these features, 
the semen quality of these species varies inversely with environ- 
mental temperature. 

Under grazing conditions, extending the scrotum may aid in main- 
taining semen quality, but it has practical disadvantages. If the scro- 
tum drops to a low position it impairs movement, especially in coarse 
grass and shrubs. Zebu bulls tend to relax the crestmaster muscles 
but not the dartos, thus allowing the scrotum to tilt instead of hanging 
low as often occurs in bulls of European breeds. 

Of the semen samples from bulls kept in an air-conditioned lab- 
oratory at 27°C, 91% were suitable for artificial breeding; whereas, 
the corresponding figure for semen from bulls kept in a barn under 
natural conditions prevailing in Louisiana during the summer was 
only 47%. There is some evidence, too, of an interaction between 
temperature and daily photoperiod. From May to October the per- 
cent of shippable ejaculates for dairy bulls in Louisiana under regu- 
lar bam conditions and photoperiod averaged only 18%. Increasing 
the photoperiod from 14 to 16 hours gave 33% satisfactory ejaculates; 
but reducing the temperature from 24-27°C mean daily temperature 
to 18°C gave 76% shippable semen (Roussel et al., 1963). 

Research in temperature controlled laboratories has shown that 
thermal stress does not seriously impair libido in the males of cattle, 
buffalo, goat, and swine, but does impede libido in rams with wool 
covering. Even so, under field conditions males frequently undergo 
periods of poor libido for at least two reasons. The persistent tropical 
heat tends to reduce activity of the males. They may actually divest 
themselves from the area being grazed by the females. And in the 
field, much of tire males’ time and energy must be devoted to seeking 
feed. By contrast, exposure to thermal stress lasts only a few hours or 
days in tire laboratory, and feed is readily available. 

There is some proof that under hot conditions the extent of wool 
covering on tire scrota of rams influences the percentage of abnormal 
cells in the semen. Breeds with heavily wooled scrota (e.g., Romney 
Marsh) are particularly susceptible. Although heavily wooled scrota 
are more characteristic of some breeds than others, tire variation' 
within breeds could be important in good ram performance. Experi- 
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ments with Menno rams in Australia showed that the percentage of 
abnormal cells was highest in rams with heavy scrotal wool cover 
a cm and more tn depth) By the fifteenth day of exposure to 40 O this 
group had 23% pynform (abnormal) cells, whereas those with inter- 
mediate scrotal cover (3 cm) had only 7% pynform cells Even though 
semen returned to normal in both groups by 28 days after exposure to 
thermal stress, it was concluded that the proportion of abnormal cells 
in the semen of the heavily wooled rams would have impaired breed- 
ing efficiency (Rathore, 1969) 


Female 


Severe thermal stress will cause a cessation of estrus and even ovula- 
tion in cattle and sheep High temperatures also cause a shortening 
of the duration of visible expression of estrus (see Chapter 12) and 
decreased embryo survival Sheep embryos exposed to as little as 
1 1°C temperature over normal body temperature dunng early de- 
V(*1nnmpnl /fire! nr cumml cr.ll >Ii,n <-< r.r.1 ,.,,11 Knf ctmtlar 


11C temperature over normal body temperature dunng early de- 
velopment (first or second cell division) will not survive, but similar 
exposure at later stages will not affect embryo survival There is evi- 
dence too, that exposure of sheep spermatozoa to high temperature 
decreases survival rate of embryos produced from eggs fertilized by 

flip frpufprl cnorm 


the treated sperm 

The effects of temperature stress on fertility of sheep have thus 
been found to occur dunng a relatively short penod following fertih- 
aition Protection from temperature stress dunng this critical penod 
has resulted in an increased reproduction rate in sheep Ewes kept as 
long as 11 hours daily at a temperature of 40°C dunng the last 3 
months of pregnancy had smaller lambs than controls, but even at this 
igh level of thermal stress there were no abortions 

In hot, dry areas of the southwestern U S , protection of cattle 
rom heat stress for 100 hours or more following breeding increased 

— r T 2 J 70 *’ TheSe resu! * suggest that a similar critical 
period in embryo des elopment exists in this species 

mav tem P<=mtuie of the cow at the time of insemination 

ternn^ c °"«PUon In Louisiana ,t was found that if the 
^oncemio^i da,ty C ° W at the time of breed- 

tlic duration of .^^ 0 ^ b<><iy te “ perature «“ h,gh - 
led to the rerr,m m „„ , e '' lden “ ° f estrus was short These findings 
might be bred with reasonable^* dunng ^ summer months cows 
turcs are <39 e c success pros idmg their body tempera- 


lighter at birth tlun smnfooff" 1 h0t cllmates a,e usually somesvhat 
m " ar offspring ,n cool climates Female calves 
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bom during the summer months are, in general, about 5% lighter. In 
Australia, lambs bom during the summer months were smaller than 
those bom in the cooler months. (The animals bom during the hot 
season may or may not remain smaller throughout life depending on 
level of feeding at later ages). The birth weight of swine in Puerto 
Rico from sows of the same breeding, on similar rations, was 6 % 
smaller than in Nebraska. The number of abnormally small pigs was 
higher in Puerto Rico. The reasons for the depression in birth weight 
are not understood. No doubt several factors are involved. Females of 
all livestock species tend to be smaller in the tropics. Since size of 
dam is the major factor controlling size of offspring, we expect this to 
contribute to the difference between climatic zones. Too, tropical con- 
ditions no doubt have some influence on the physiological functions 
of the mother, including level of endocrine secretion, which in turn 
are expressed in size of offspring. The fact that offspring bom in the 
cool season in subtropical areas are slightly smaller than those born 
in temperate areas, but those bom in the hot season are much smaller, 
supports the theory that several factors are involved. 

In temperate areas, low hemoglobin values in cattle have been 
associated with poor reproduction. Values below 9.8 g/100 ml of blood 
are associated with anestrus and repeat breeding. Females with 
hemoglobin levels of 10.6 g/100 ml show normal reproductive per- 
formance, but females with less than 9.0 g/100 ml show no signs of 
estrus. The low values in the temperate areas are attributed to pos- 
sible cobalt, copper, or phosphorus deficiencies, or parasites, such as 
lice. Cattle and other farm livestock in the tropics ffequendy have 
hemoglobin values less than 10.0 g/100 m, probably because of 
mineral deficiencies, parasites or thermal stress. Although low hemo- 
globin values may be a factor in reproduction rates in hot climates, the 
critical levels have not been identified. 

Involution of the reproductive tract may be delayed indirecdy 
as the result of thermal stress principally through hormone imbalance. 
Continuous thermal stress may also cause a cow to produce a small 
corpus luteum that will bring on estrus but the corpus never fully 
develops so ovulation does not occur. If insemination is made, it will 
be wasted effort. Another problem of hormonal imbalance resulting 
from thermal stress is insufficient progesterone secretion by the 
corpus luteum to maintain pregnancy. This condition is frequently 
associated with embryonic motility because the pregnancy lasts no 
more Ur an 20-50 days. 

In most areas where the mean daily temperature exceeds 24°C 
For two or more months, some decline in breeding efficiency is likely 
to occur in dairy herds. For instance, 20—40% more services were 
required For conception from July to October in the U.S. Ulan from 
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Influ ence* of season on measure* of fertility m a Louisiana dairy herd 

Measure Dec-Feh Mar-May Ju-Au* Scpt-Noo 


Da>s from calving to 
first estrus 

37 

44 

55 

49 

Services per conception 

15 

17 

18 

16 

Da>s from first service 
to conception 

31 

34 

49 

40 


December to March The longer the duration of the stress period the 
more pronounced the effect of season on breeding efficiency In sub- 
tropical areas, such as southern Louisiana, season has a definite in- 
fluence on time of onset of estrus, services required for conception, 
and length of the breeding period (Table 4 5) Seasonal limitations are 
important in the reproductive performance of European breeds of 
cattle and their crosses with Zebus But high temperatures do not 
seem to be the limiting factor in Brahman cattle. Brahmans appear to 
be more affected by the cooler temperatures of the winter months 
A summary made in 14 southern states of the U S to identify some 
causes of low breeding efficiency and poor viability revealed that 
calving percentages of beef herds averaged about 77% for number 
bom but 69% for number weaned On the average, cows nursing u 
calf when bred weaned approximately 4% more calves during the 
subsequent year than did cows that were dry when bred Four year 
old cows weaned 4 5% more calves than older or younger cows, while 
year ings were approximately 1% below average Pasture mating of 
cows resulted in approximately 36% more calves than did artificial 
insemination Cows that did not conceive during the regular spring 
breeding season that ’* - 


were suckling calves had a lower pregnancy 


percentage (43%) in a subsequent 27-day dry breeding period than 
Z LTZJ'f'T , (62%> Cows of European breed!, bred when 
cows the rev!’ !“? “eT* s “ bset l uei “ calf crop, while in Brahman 
tion Lactatim» Se °° b p acc ‘' illustrating a breed by lactation mterac- 
dry cows m we° WS ° f Ang “ S a " d Hereford breeds exceeded the 
breeds- Brahman""^ P ° rCen,age ab ont 80 %, while in the other 

Ceows had T; b t," SUS> , Santa Ccrtnrdis, and Shorthom-the 
vantage for dj Shorth^ “ V ‘ ng rale - rang,n S 8™" “bout 4% ad- 
of this ‘° \ 5% m Santa Gertrud, s The results 

and lactation are lmnnrt , su bh'opical areas, season, breed, age 
^ to reproducbve effieiency of beef herds 
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Sheep in the southern region of the U.S. exhibit definite seasonal 
patterns of reproductive performance. This is evident not only in the 
number of ewes cycling but in the ovulation rate as well. The ratio 
between daylight and darkness or photoperiod seems to be a major 
factor influencing seasonal trends in reproductive activity. In the 
southern U.S. reproduction rate and lamb survival have been generally 
increased when ewes were kept in confinement immediately before 
and after breeding. Rambouillet, Dorset, and Merino ewes have ex- 
hibited the least seasonal restrictions in their breeding habits by con- 
ditions in the warmer climates. 

It has been reported that the frequency of stillbirths and problems 
of dystocia (difficult parturition) in cattle are higher during hot peri- 
ods. But what role temperature plays is not discernible. Current evi- 
dence suggests that the cause may be an endocrine imbalance brought 
about by thermal stress on the female during the late stages of preg- 
nancy. 

Thermal stress, as it influences behavior, can contribute to loss of 
offspring. For instance, sows fret and move about during parturition 
in hot weather, resulting in a loss of piglets due to trampling. To 
calm die sow, swine producers often use a “snout cooler” — a small 
air conditioning unit with a cone the sow can place her snout into. 
Although the small unit does not provide a large amount of cooling, it 
has the important psychological effect of keeping the sow quiet. 

Chapter 12 deals with some of the measures man can implement 
to decrease inefficiencies of reproduction. 


DRAFT CAPACITY 

Even though there is no experimental evidence on changes in tire 
draft capacity of oxen or buffaloes with rising ambient temperature, 
it is logical to assume a negative relationship between performance 
and high temperatures. High temperatures affect performance directly 
by causing animals to move more slowly. Since feed intake is likely 
to decline and a greater portion of the energy is likely to be expended 
for thermoregulation, the depression in efficiency of work perform- 
ance would no doubt be similar to that expected for milk yields. 


ENDOCRINE FUNCTION 

The importance of tempeniture in relation to the functioning of endo- 
crine glands was discussed in the section on heat regulation in Chap- 
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ter 3 Apparently, of the most pratt.cal significance is the effect of 
temperature on the thyroid and its consequen influences. )n apP " j 
and performance A senes of expenments illustrating the P ole " tl * 
involvement was conducted at Louisiana State University, w e 
thyroprotein was fed to lactatmg cows at 25 and 35 D C Thyroprotein 
serves as a stimulant to appetite and has been advocated a number or 
times as a means of increasing milk yield or preventing declines under 
thermal stress In the Louisiana expenments, thyroprotein was fed at 
the rate of 3 grams per 100 kg body weight per day There was an in- 
crease in milk yield of 19% the first week at the 35°C temperature for 
the thyroprotein fed cows, but afterwards milk yield decreased 30% 
below the peak level and the animals lost weight very rapidly The 
control group decreased 20% m production by the end of the third 
week, with no appreciable loss in body weight Hence, the control 
cows produced more milk dunng the expenmental penod These 
findings suggest that the thyroid gland tends to decrease in activity 
with nsing temperature But little can be done about reversing de- 
pressed appetites under thermal stress 

There has been some expenmentation with the use of hormones 
and tranquilizers to change animal responses to hot environments, but 
the evidence for their usefulness is not conclusive In one senes of 
expenments with sheep, injections of tranquilizers brought about the 
death of the animals under heat stress 

Although the preponderance of the expenmental evidence shows 
that high temperature and high humidity conditions may have marked 
direct effects on feed intake and, indirectly, on performance, the con- 
clusion is that unless the stress occasion causes an elevated body 
temperature for a considerable time, it is highly unlikely that per- 
formance will be depressed to a point of senous economic signifi- 
cance is statement holds provided available feed supplies are ade- 
quate in quality and quantity Animal performance is generally lower 
in warm climates than in temperate areas, but we must lay the blame 
r; e . lt “ elon es, namely m the tropical environment having its 
greatest influence in an indirect fashion rather than of a direct nature 
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Determining the Suitability 
of Livestock 
to Warm Climates 


Another aspect important to livestock production in warm climates is 
how best to assess the merits of livestock for performance under the 
conditions prevailing within a locality For stock already existing 
within a herd or flock, the best indicator of suitability to the total 
environment is performance This constitutes our primary expression 
of adaptation when compared to some predetermined expectation in 
the mind of the livestock operator, based on his previous experiences, 
on some level of performance attained by a neighbor, or on an ideal 
denved from performance elsewhere -e g , the milk production of the 
average Holstein cow in New York State However, there are two 
major shortcomings of assessing suitability of animals by performance 
alone (D these measures generally come late in the animal’s life, 
and (2) such measures of performance as total lactation milk yield or 
time to reach 400 kg body weight do not show very clearly how the 
* S die animal’s physiological processes, and 

formance ? me l ” dex of die animal’s probable later per- 

the selecting C ° U ^ ™ a< * e early in the animal’s life, would hasten 

identificatm P p OCes * es f° r genetic improvement And appropriate 
identification of such things as stress imposed by seasonal fluctua- 
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tions in the environment could be useful in determining whether or 
not adjustments in management practices should be made. 

If the locally available animals perform poorly and changing the 
type of animals seems desirable, the question becomes that of how to 
make the wisest decisions. Should physiological or anatomical traits 
be considered? Can tests made in another environment predict the 
performance of a group of animals in a tropical environment? This 
chapter will be concerned with some of the measures employed as 
attempts to characterize the adaptation of animals to hot environ- 
ments. 


ASSESSMENT OF ADAPTABILITY 

Ideally, measures of an animal’s adaptability to a particular environ- 
ment should have a high correlation with performance. Just as an 
athlete’s performance can usually be predicted better by testing pulse 
rate changes than by testing endurance, an animal’s performance can 
be predicted better by some tests of adaptability than by o tilers. F'or 
the most part the assessments of animal suitability to hot environ- 
ments have fallen into two classifications: “physiological adapta- 
bility," which describes the animal’s tolerance to a hot environment 
as determined principally by shifts in heat balance, and “performance 
adaptability,” which describes changes in the animal’s performance in 
a hot environment. Over the past three decades a great deal of atten- 
tion has been given by physiologists and others to (1) identification 
of breeds or strains that exhibit the least shift in heat balance of the 
body when exposed to thermal stress, and (2) identification of physio- 
logical and anatomical traits associated with the promotion of heat 
loss. A high positive correlation has been assumed to exist between 
minimum shifts in the heat balance of the animal’s body and perform- 
ance in warm climates. On this premise, a number of indices have 
been proposed as aids in selection of animal based on either field or 
psychrometric laboratory experiments. Several of the proposed 
indices are listed in Table 5.1. 


FIELD TESTS 

The most prominent index developed from field data is identified as 
the Iberia Heat Tolerance Test." In this index, a coefficient of toler- 
ance to heat stress (CFHT) is calculated from the difference between 
a cow s recorded body temperature after a period of exposure to sum- 
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Vamuu 'field and laboralon, lee I, that hate been uec-J a, advocated fa, a.tcemn 


the adavtMUy of cattle to hot em-inminmls 


Common name of test 

Basis of 
determination 

Author* 


HELD 


Water loss 

Water loss by respiration, 
unne, feces, anti surface 

Rhoail, 1SM4 

Iberia heat tolerance 

Rectal temperature 

Rhoad, 1940 

test 

Coefficient of adaptability 

Rectal temperature and 

Benczra, I9o4 

test 

respiration rate 


Felting test 

Hair coat 

Bonsma, 1949 

Walking and water depnvation 

Distance and water 

Bonsma, iy49 

test 

consumption 


Exercise and cooling 

Rectal temperature 

Dowling, 1956 

efficiency test 

Hair coat score 

Hair coat quality 

Turner and 

Schlegcr, 19o0 


LABORATORY 


R value heat tolerance test 

Rectal temperature 

Lee and 

Phillips. 18 4S 

Ratios of ev aporation 

Skin and respiratory 

^ eck and 


evaporation at two 
temperatures 

evaporative 

Kililcr, 1838 

Stress strain 

Relative strain - “ olm * tC T U,red 

maximum evaporative 
cooling possible 

Lee, 1965 

Lines of equal effect 

Rectal temperature, 
respiration rate and 
volume 

Barrada. 1957 

6-hour hot room test 

Rectal temperature and 

McDowell et d 


respiration rate 

1955 


mer conditions and the body temperature 
cattle, using the following formula 


considered normal for the 


CFHT= 100- [10 (BT- 101 0)] 

^meraU,i"o r i,T i , COC o r,e,<! T ° f heat BT = average body 

temperature obtained under conditions of the Ibena test, 101.0 = 
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TABLE 5.2 

The comparative tolerance of various breed groups to high temperature conditions 
as measured by the Iberia Heat Tolerance test applied at Jeanerette, Louisiana . a 


Breed group 

Sex 

Number of 
animals 

Coefficient of 
heat tolerance 

Zebu (Brahman) 

2 

7 

89 

% Zebu-V 2 Angus 

2 

19 

84 

3 /„ Zebu- 5 /* Angus 

2 

8 

84 

Santa Gertrudis 

2 

7 

82 

'h Africander- 1 /.. Angus 

2 

22 

80 

Jersey 

2 

34 

79 

V 4 Zebu- J / 4 Angus 

2 

54 

77 

Hereford 

d 

12 

73 

% African der- 3 / 4 Angus 

2 

4 

72 

Angus 

2 

31 

59 


Source ■ Adapted from Phillips. 1948 

■General conditions under which the tests were made A.M. temperature, 32°C, humidity, 82 8%. wind velocity, 
33 Vmlhr. PAi. temperature, 34*C, humidity, 71 7%. wmd velocity, 7 2 Vmlhr 


normal body temperature of cattle (°F), 10 = constant to convert de- 
grees deviation in body temperature from the normal to a unit basis, 
and 100 = perfect efficiency in maintaining body temperature at 
101.0°F. 

From this formula, an animal with a body temperature of 103.8°F 
would have a CFHT of 72. Table 5.2 shows the probable differences 
in heat tolerance among breed groups. In this series of tests the Zebu, 
with a coefficient of 89, was considered to have the best tolerance, 
while the purebred Angus, with a coefficient of 59, showed the least 
tolerance. It was concluded that the Zebus would best withstand the 
high temperature and humidity conditions prevailing at Jeanerette, 
Louisiana during the summer months; the Zebu-European crossbreds 
would be intermediate; and the pure European breeds or crosses with 
a high proportion of European breeding (V* Africander-^ Angus) 
would be the least suitable. Based on these preliminary findings, 
CFHT was made routinely at the Iberia Livestock Experiment Sta- 
tion for a number of years and then studied in relation to certain per- 
formance variables of various breed groups (Vernon ct al . , 1959). The 
correlation between the CFHT of 258 Brahinan-Angus crossbred cows 
(initially indexed at 84) and the cows’ own birth weights was near zero 
(—0.05), with a small negative regression, — 0,15 kg. When the cows* 
own 6-month weights were used, the correlation was —0.06 and the 
regression —0.18 kg. The correlation between CFHT of dams and the 
birth weight of their calves was —0.11. When die average 6-month 
weights of the calves were used, the correlation was still near zero 
(0.09). Observations on 56 Afrieander-Angus crossbred cows (inter- 
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mediate in CFHT) and 16 Brahman cows (highest in CFHT) were 
TquaUy inconclusive When simdar correlations '-e made using 
respiration rates, the results were about the same as for CFHT It 
was concluded that the suitability of females for Perfonuance under 
the conditions in southern Louisiana could not be judged by the level 
of body temperatures and respiration rates collected on several d y 
during the summer months A further conclusion was that direct selec- 
tion for reproduction rate and weight of calf weaned should result m 
selection not only for adaptation to local conditions but for other 
characteristics necessary to high performance 

In the ‘ Water loss,” “Coefficient of adaptability,” “Walking an 
water deprivation,” and “Exercise and cooling efficiency” tests (Ta- 
ble 5 I) the regression rates of certain reactions on air temperature or 
humidity were used for comparisons among groups and individuals. 
Results have given some indication of breed group differences in cat- 
tle, but additional data in several environments are needed before 
decisions can be made on their usefulness as indicators of superior 
animals Rankings from these indices have not been related to animal 
performance sufficiently to be enlightening 

The “Felting test” and “Hair coat score” (Table 5 1) have shown 
reasonably good correlations between score and general performance 
in hot climates Although they are not direct measures of response to 
heat stress, in the strict sense, they provide valuable information on 
the animal’s general capability to thrive in hot climates The tests 
have shown promise in identification of animals well suited to the 
areas where the observations were made But since they are not direct 
measures of response to heat stress, there is some question as to their 
usefulness in selection for adaptability It is not clear, for example, 
whether undesirable coat types-e g , the “wooly coat,” which scores 
low on the Felting test, or the “rough coat,” which scores low on the 
Hair coat score scale -depresses adaptation by interfering with heat 
loss from the skin, or whether these coats are outward signs of im- 
balance of internal functions related to the general physiological state 
of the animal 


Laboratory Tests 

ture^am^Ki tCS j ^ ave utilized standardized combinations of tempera 
of such ari? 1 ' y l ° < * er f ve f° r determining the regression rate: 
on^anous^evpf temperature - respiratory rate, and sweating 

S o air temperature and humidity These tests hav< 
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the added advantages of requiring fewer animals and permitting repe- 
tition of the temperature-humidity regimes, which gives more precise 
estimates of the stress-strain relation than is ordinarily possible with 
field data. 

The “R-value heat tolerance test,” “Ratios of evaporation,” and 
“Lines of equal effect” (Table 5.1) have been used on very few in- 
dividuals or groups. Barrada (1957), following models for humans, 
plotted "lines of equal effect” on a psychrometric chart (see Chapter 2 
for description) for rectal temperature, respiratory rate, and respiratory 
volume. Figure 5.1 illustrates the equivalent effects of changing air 
temperature and relative humidity on rectal temperatures for mature 
dry Holstein cows. The lines for animal responses were established 
by repeated exposure of the same cows to a series of air temperatures 
with high and low levels of relative humidity (20 and 80%). Based on 
Barrada’s data a cow would have the same level of rectal temperature 
(102.0°F) after exposure to an ambient temperature of 100°F with 50% 
relative humidity (moderate humidity) as for 91°F with high humidity 
(80%). Theoretically, the equivalent effects principal could be ap- 
plied to almost any trait (e.g., respiration rate, milk yield or feed in- 
take) so that if the temperature and humidity regimes were known 
their influence could be anticipated. Numerous charts of this nature 
have been prepared for human responses; but no one has as yet fol- 
lowed through on Barrada’s preliminary work, largely because of the 
time and effort required to obtain sufficient data. Suitable indices of 
this nature would encompass many observations on breeds and, 
within breeds, on animals of different ages, stages of lactation, levels 
of yield, and stages of gestation. 

The "Stress-strain index" proposed by Lee (1965) for use with 
animals stems from studies with humans. It will be difficult to esti- 
mate the maximum evaporative cooling possible for animals because 
variations in pelage and other factors have more influence on evapora- 
tion rate from animals than for man. 

The “6-hour hot room test” has been used extensively in attempts 
to estimate the comparative responses of Jerseys and various combi- 
nations of crosses between Red Sindhi (a Zebu breed from India) and 
Jerseys in a subtropical area (southern Louisiana) and a temperate 
area (Maryland). In Oiese tests large numbers of animals at both loca- 
tions were subjected at various ages and stages of lactation to 6 hours 
of -10'C ambient temperature and 60% relative humidity. Tile objec- 
tive was to ascertain the degree of rise in respiration rate and rectal 
temperature. The very high temperature was chosen to assure some 
degree of response in all animals. 



Dry bulb temperature fC) 



Wet bulb temperature (°F) 
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From tests on heifers between 10 and 22 months of age, dry cows, 
and lactating cows, it was found that location (Louisiana or Mary- 
land), season, environmental temperature previous to the day of test- 
ing, stage of lactation, level of daily milk yield, and rectal temperature 
of the animals prior to the test period all had significant effects on the 
responses of all groups. Age effects were not important in either 
heifers or cows, but the response of the animals in a given test period 
was markedly influenced by the environmental conditions (season 
effects) they had been accustomed to prior to the thermal stress. The 
crossbred animals with Y, Red Sindhi genes showed slightly less 
response than the pure Jerseys. The responses of % crosses, first and 
second generation, and Red Sindhi crosses were similar but sig- 
nificantly less than for pure Jerseys. The ranking of the breed groups 
was the same for degree of rise in both rectal temperature and respira- 
tion rate. The similarity of the reactions of the '/ 2 and % Red Sindhi 
crosses suggested the possibility of some heterosis for resistance to 
thermal stress. 

The proportion of Red Sindhi breeding influenced the response 
of heifers to the 40°C temperature, but '/ 2 Red Sindhi breeding gave 
near maximum tolerance. However, the effects of seasonal influences 
on the degree of rise in body temperature and respiration were so 
variable, even at tire same station, that at least three observations 
would be necessary in different seasons to classify the breed groups 
with any degree of precision. On the other hand, there was almost no 
relation between the growth rate or milk production of any of the 
groups and the degree of response to the 6-hour test. The correlation 
of rise in rectal temperature over the 6-hour period and the growth 
rate of tire heifers ranged from —0.11 to +0.14. The relation of each 
animal’s average response to the heat stress and her first lactation 
milk yield was near zero (r = -0.03 to +0.18 for rectal temperature 
and 0.08 to 0.21 for respiration rate). The correlation between re- 
sponses of the same animal as a heifer and as a dry cow were also low: 
+0.14 and +0.17 for temperature and respiration, respectively. 

There was no significant relation between the reactions of the 
same animal when lactating and when dry. Although the repeatability 
estimates for individuals within breed groups between various ages 
prior to first calving, between different lactations, and between dif- 


nr.UM: 5.t 

Line* of cuu.ll eircct on various combinations of air temperature and s apor pressure 
on tire rectal temperature of dry Holstein cows (Hectal temperature values — 100*F). 
tFnrm the Vlvl>. thesis of M. S. Burradu, Johns llopUns University, 1957.) 
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ferent dry periods differed significantly from zero (range +0 17 to 
+0 39), these low values show that laboratory heat tests would be as 
ineffective as the Ibena heat tolerance test cited above in identifying 
die individuals within breed groups that might perform best under 
hot conditions In these studies sire effects were negligible (Me- 
Dowell, 1966) 

Field studies made during the summer months in Texas compar- 
ing Jersey-Brahman crosses to both Holsteins and Jerseys, and studies 
in Louisiana comparing Brown Swiss to Red Sindhi-Brown Swiss 
crosses and Holsteins to Red Sindhi-Holstein crosses, revealed that 
the Zebu crosses had less nse in rectal temperature and respiration 
rate than the pure European breeds But the relationship of level of 
response to milk yield was negative (—0 19 to —0 46) and of nearly 


equal magnitude m all groups 

In all the field and laboratory tests there were occasional cross- 
bred animals which showed a low level of response and had a high 
milk yield The same was true in the pure European breeds It appears 
that although, on the average, the responses of the Zebu (Brahman 
and Red Sindhi) crosses to the direct effects of high ambient tempera 
tures were less than for pure European breeds, the degree of reaction 
in high yielding cows depended more on the individual than on the 
breed group with the frequency for a combination of high heat tol- 
erance and productivity not being markedly improved by adding 
Zebu genes 


The indices desenbed are at best rather nonspecific, they indicate 
primarily the animal s lack of ability to maintain thermal balance or 
a normal state of homeostasis, or characterize the general adjustments 
^ g , short hair coat) the animal has made to the total environment 
Rankings of breed groups from the indices may prove useful if selec- 
tion is to be practiced for capability to maintain thermal balance, but 
Uie potential user must be aware that fluctuations in the environ- 
m C ° n i !° nS *2* c ° mplelel y ™lhfy recognizable improvement 
t° U ,t:: leCU r. Furthemore ’ became of the low repeatability of 
e Z made m ° ne ,ocahon ’ it is not likely, for 

vironment^uf III SC ° re Wou!d have much ™lue ouls.de the en- 
Xem sd " hne *'7'? made ’ therefore “ would be of little 

iKSSS" ‘'^■^•“‘^foranotherloeauon 

puiposes of ' senous imitations of the indices for die 

has been given to males' ^ 7*° 'mpmvement. Little consideration 
future generations thin H* "a a muc h greater contribution to 
pemuirt "n SieTale mav h m ,VldUal females A nse ™ rectal tem- 
male may have a " entirely different meaning than a 
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high body temperature in the lactating female. Also the indices do not 
include weightings for performance. The cost of gathering data is 
high; an extensive amount of handling is required for most tests; and 
in laboratory tests, expensive facilities are needed. 

Since changes in heat balance of the body (measured as rectal 
temperature or coat characteristics) are largely effects rather than 
causes, a better understanding of the physiological mechanisms re- 
sponsible for superior or inferior maintenance of heat balance should 
in the long run prove more useful. Nevertheless, some evaluation of 
animal discomfort, such as a rectal temperature taken in the afternoon, 
could serve as a guide for management. Like whether body tempera- 
ture, by indicating possible interference with conception, could prove 
useful in determining insemination practices. However, close ob- 
servation of the animal’s acceptance of feed and breathing rate would 
provide approximately the same estimate of discomfort to the experi- 
enced observer. 


Anatomical Traits 

Although there has been no index proposed based solely on anatomi- 
cal traits associated with the animal’s capability to increase rate of 
heat loss, a great deal of attention has been given to anatomical traits, 
both by researchers and animal producers. Research along these lines 
has been inspired largely by the common assumption that the pheno- 
typic characteristics of certain breed groups gready enhance their 
adaptability to hot climates. For example, in the past quite a bit of 
emphasis was placed on the size of the ears by breeders of Zebu cattle 
in Brazil. It was also assumed that a single means of promoting heat 
loss is highly correlated with performance. This theory received a 
boost in the 1945-55 period, when studies were being conducted to 
determine whether certain traits, such as rate of skeletal development 
and rate of early mammary development, could be used to improve 
predictions of young cows subsequent performance. These experi- 
ments fell short of expectations because of the low correlations (0.00 
to +0.28) between the individual characters studied and the more 
complex processes of growth, milk yield, and breeding efficiency. It 
was concluded that records of performance of the dam and other 
close relatives of the female under consideration were better criteria 
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for predicting potent, ol capabil.ty than measures of rate of develop- 
mentofthe individual pnor to first parturition 


THE EMPHASIS ON PERFORMANCE 
IN ASSESSING ADAPTABILITY 


Since physiological adaptability is expressed in performance, th 
question anses, does not selectmg for performance alone give sui- 
ficient consideration to physiological traits involved in maintaining 
heat balance? Present evidence supports primary emphasis on per- 
formance (1) The low correlations obtained thus far between an ani- 
mal’s heat tolerance and ability to perform suggest that livestock 
producers could ill afford to emphasize a single measure of the result- 
ing strain from thermal stress in a selection index (2) The very low 
correlations between responses measured as shifts in heat balance 
suggest that physiological adaptability would not be greatly impaired 
by placing major emphasis on selection for performance In fact, there 
are indications that selection for performance (milk yield and repro- 
duction rate) will automatically lead to selection of the most suitable 
animals, and presumably the most efficient for warm climates Too, 
there is some proof that the relation between overall adaptability and 
performance is positive and reasonably high (Vernon et al , 1959, 
Leckey, 1960, and FAO, 1968) (3) Selection for several traits at one 
time slows the progress that can be made in improving any one trait 
unless the traits are highly correlated (see Chapter 9) (4) The time 
required and costs involved in making major genetic changes in a 
group of livestock purely by selection, particularly with emphasis on 
characters of low hentability, are often prohibitive (5) There are no 
satisfactory estimates of hentability available on the expected rates of 
genetic change in the physiological traits examined so for 

Expenments conducted in Bntam further discourage selection 
expenments to change the basic mechanisms of heat regulation When 
in lgenous sheep from a small, windswept island in the Norwegian 
sea were exposed to thermal stress in a controlled laboratory, the is- 
resp °nded similarly to Bntish breeds in elevations of body 
f reSP,rat T This ,s not meant to imply that dtf- 
chmatcs -u ° n> ! eXlstms tn;e ds and species in suitability to warm 
' not hie V r '"“’fT Bu ‘ P metical suitability to warm climates 
m" C ^Vesn la ,™ C ^ of body tempera- 

sigmBcantlv with™ 'Vr* oBler Physiological characteristics that vary 

m"L^t::uf f Cn,ro n ,l,e “ ml,hons ° f *= — c ' mron - 
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POSSIBLE ADVANTAGES OF 
INDIGENOUS TYPES FOR 
WARM CLIMATES 

Albeit the evidence reviewed does not indicate that animals indig- 
enous to warm climates possess any outstanding traits that make 
them universally suitable to hot environments, the technical litera- 
ture contains several hundred reports extolling the advantages of 
indigenous stocks over animals introduced from outside. Most of these 
imply that the differences in adaptability associated with various 
breeds are due to certain characteristics peculiar to those breeds. 
Certainly it is logical to assume that animals that have existed for 
hundreds of years in a rigorous environment have been forced to 
develop certain adaptates and assume special habits of behavior or 
they will perish. Hence, in choosing breeds or in making combina- 
tions of breeds, care should be taken to insure these traits are not over- 
looked. They may well be more important than the indices discussed 
previously. Of course, producing breed combinations depends on 
proper placing of emphasis. Some of the traits that ought to be given 
consideration are described below. 


PELAGE AND SKIN CHARACTERISTICS 

Cattle indigenous to tropical areas have a short hair coat in comparison 
to those originating in regions where there is a pronounced tempera- 
ture change with season. In all breeds, age is a significant factor in 
follicle density, but not in length of coat or seasonal changes in hair 
characteristics. The hair follicle of the Zebu has a relatively stiff center 
core, which tends to keep it in a more erect position than that of Euro- 
pean types, even when length of hair is approximately the same. 
Where rapid evaporation from the body surface is desirable, the more 
“open coat” of the Zebu should afford advantages (Fan, 1964). 

The Criollo of Latin America, a Bos taurus type, probably has the 
shortest hair coat. At maturity the hair is sparse, especially on the 
neck and shoulder (DeAlba y Carrera, 1958). Some of these cattle are 
almost devoid of visible hair by the time they reach maturity. The 
cause of the loss of hair remains unknown. Studies in Brazil showed 
that the skin tends to thicken with age, principally the dermis. It 
has been suggested that with the thickening of the dermis, pressure is 
applied around the hair follicle, eventually causing it to die and pre- 
venting new follicles from emerging. 
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U has been well established that poor nutrition, disease, and 
parasites will cause delay in shedding of hair coat of European type 
cattle in the tropics There is also some evidence that the smal 
changes in photopenod in the tropics may cause European type cattle 
to fail to shed their long hair coat However, given a reasonably good 
le\el of environment, most European types or high grades will de- 
velop and maintain a shorter hair coat in the tropics than in a cooler 
climate This may not be the entire story, however Figure 5 2 illus- 
trates contrasts in hair coats-short, intermediate and long-among 
contemporary young Holsteins reared in Venezuela These cattle, 
which were second generations from imports, received excellent 
feeding and care, thus the variations in coat probably resulted from 
genotype environment interaction Observations made in a large calf 
reanng enterprise in Puerto Rico lends support to genetic involve- 
ment. Calves were purchased from a large number of farms at 1 to 3 
days of age The animals (males, principally of Holstein breeding) 
were reared in confinement on a high plane of nutrition up to 385 kg 
weight At 3 days of age there were no discemable differences in the 
hair coats of the calves, but at 6 months variations were readily ap- 
parent, with about 15% “wooly coats,” 60% intermediate, and 25% 
very short hair (similar to that of the animal in the top portion of 
Figure 5 2) The wooly coated animals never reached the desired 
weight 

Pelage characteristics are certainly a factor to consider in intro- 
ducing temperate zone breeds in to the tropics In Brazil, a signifi- 
cant negative correlation (—0 37) was found between depth of hair 
coat and milk yield m Jersey, Brown Swiss, and Holsteins The find- 
ings in South Africa and Australia on the relation of hair coat length 
to live weight gams, as well as on the number of ticks m pure Euro- 
pean stocks, further support the need for extensive research on the 
possible genetic influences in European breeds Such research is 
especially important in view of the extensive use through artificial 
insemination of bulls from the temperate zone It may be necessary to 
screen bulls from the temperate zone for frequency of “wooly coats” 
cond,tlons . need for this remains to be determined 
. >S not a Problem in livestock improvement schemes when 

" ° nI ^ % t0 ' U Zebu or Cnollo genes are needed 
between ™ ° . C ° at F, S u * e 5 3 portrays a contrast of coat length 
coated> and a * Zebu cross 

cattle and she* *° n ° restdue ^ rom dipped hair or wool samples of 
m tropical areas hint higher levels of 

' t ,ore sebum ,ends *° p' event 

perficial layers of the skin and may afford some 




FIGURE 5.2 

Variations in length of hair coat among contemporary 
Holsteins reared at the University of Venezuela, Maracay. 
(Courtesy Univcrsidad Central de Venezuela Facultad de 
Agronomia, Maracay). 
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In southern Louisiana, Jersey heifers often hase long shaggy 
hair coats while Red Sindhi Jersey crosses always have short 


advantages in reflecting solar radiation and repelling vectors All 
JS* ° f , esU “* ‘ndiganous to hot areas have pigmented skm 
v.hich avoids problems of sunburn from thermal radiation, as well as 

present ih USCePt,b ' lty to health eg. cancer e>e At 

pSnented e s^rr 'l “ short - sleet ° r flossy hair coat over a 
"hit, f'l “ Pt S ° ft and Phable 15 most appropnate for 
« X* Ind 'S en °es stocks usually meet all these require 
ments, whereas temperate zone stocks do not 
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Sweating Rate 


As pointed out in Chapter 3, cattle and sheep from the tropics have 
more sweat glands per unit of body area than animals from the tem- 
perate zones (Nay and Hayman, 1956); it is thus assumed that they 
have a higher capability for sweating. This has been reasonably well 
documented by experiments in Australia and the U.S. But some quali- 
fications should be noted. For instance, the data in Table 5.3 indicate 
that Hariana and Gir (Zebu type cattle) sweat more than Jerseys, 
Holsteins, or Red Sindhi crosses with these two breeds when tested 
under extremely high temperatures. But the Murrah buffalo, which is 
indigenous to warm climates, may have a rate as low or even lower 
than those of Jerseys and Holsteins, depending upon the season in 
which the measure is made. Another qualification that should be kept 
in mind is that the environmental conditions the animals are ac- 
customed to prior to a stress period markedly influences their sweat- 
ing rate, and thus the judgment, about this characteristic. The contrast 
in output between winter and the other two seasons for Hariana cattle 
is quite high, whereas contrast from winter to monsoon in Gir and 
buffaloes is nil. The Gir had no higher output when subjected to the 
40°C in the monsoon season than the Jerseys in the U.S. 

From die values in Table 5.3 it appears that the cattle breeds in 
India are 47% superior to Jerseys when sweating is stimulated to 
about maximum, 35% superior to Jerseys when the previous exposure 
has been to warm, humid conditions, but similar to Jerseys when 
previous exposure has been to cool conditions. Tests made in Aus- 
tralia revealed some superiority for the Zebu over European breeds 
in sweating rates (Nay and Hayman, 1956). They observed that the 
sweat glands of the Zebus tended to be larger (both longer and of 
greater diameter) than those of European breeds, and also much closer 
to the skin surface. In appearance the glands were sac-like, with few 
convolutions; whereas, those in the European breeds were rarely 
sac-like and quite convoluted. How much influence these charac- 
teristics have on capability of output under thermal stress is yet un- 
known. The Australian researchers also found that level of feeding had 
a significant impact on sweating rate, with well fed animals having 
the highest rate. There are indications of diurnal variation in output 
during a given day. And even the location on the body where the 
measure is made can markedly effect the estimate of rate (see Chap- 
ter 3). 

In the face of these modifying conditions, we must exercise cau- 
tion in comparing the two major types of cattle. The preponderance 
of the current evidence indicates that Zebus have a somewhat higher 



RESPONSES TO WARM ENVIRONMENTS 


144 ANIMAL 


Ewporomm roles from the slm of oar ion breed groups 


„ h., to 3 fc-ltrC temperature, — 

Breed 

Group 

Number of 
animals 

Evaporation rate 
{mgtlOcm’IS mm) 


Jersey 0) 

J- 1 /* Red Sindhi (RS) 

V, J-'/ t RS 
'/, J- 3 /, RS 

Holstein (H) 

V*H-V* RS 

25 

6 

20 

7 

12 

7 


45 ±27* 

47 ±30 

50 ± 33 

50 ± 2 9 

43 ± 3 9 

45 ±33 


Hanana 

Gir 

Murrah buffalo 

6 

6 

5 

Summer* 
63 ± 2 4 
69 ±27 
51 ± 25 

Wonsoon 

75 ±33 

47 ± 13 

26 ±22 

Winter 

44 ± 1 5 

45 ±0 9 
24 ± 1 2 


Source McDowell cl el, 1961 Jothi cl of 1968ai 

• DiU collected after animal* were expoted to all kuom io the U S , 

•Sommer monioon. and winter deicnbe the condition* the cattle experienced prior to being xubjected to 
•KTC temperature Mean daily temperature* for the 3 teatont were 32* 3C f and 17*C reipectively 


capability for sweating, but it may not be of the magnitude often as- 
sumed because maximum rate is associated with environmental con- 
ditions and, as with humans, there is a wide variation among indi- 
viduals in the rate of output 

The very limited observations on sheep breeds suggest that the 
differences in sweating rate between breeds of sheep from the 
tropics and those from temperate areas are about the same as those 
depicted for cattle, except that sheep generally have lower levels of 
output- e g , about 10g/m*h at 20°C and 30g/m*h at 40°C for shorn, 
fine wool type breeds (Brooks and Short, 1960) These rates appear 
less than for hairy breeds, based on the observation that fat tailed 
sheep in India dnpped sweat when standing in the sun The evapora- 
tion rates measured on shorn sheep must not be applied unreservedly 
to sheep with fleece because the dynamics of water movement in the 
fleece, especially in fine or medium wooled sheep, are unidentified 
Most researchers have concluded that with full or nearly bill body 
covering, cutaneous water loss is usually relatively unimportant 
compared with respiratory cooling in a warm climate 

In Australia some sheep have been found congenitally lacking 
sweat glands How widespread the condition may be among various 
s ^ ep 15 * et undecided According to the observations m 
fh™, ™ n Sn nitall V deficient sheep d,d so poorly under 

me r h the , character istrc would tend to be self eliminat- 

ing, at least in warm climates 
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Surface Area 

Several writers have emphasized that animals indigenous to hot 
climates, particularly cattle, have a greater ratio of surface area to 
mass— about 12% greater— particularly between Zebu and European 
breeds of cattle (Kibler and Brody, 1950). This may be true under 
the usual conditions of observation, but largely because of differ- 
ences in size between Zebu and European breeds at the time of ob- 
servation. If the animals of the two groups were of similar age and 
weight, the contrast in area to mass ratios would probably not exist, 
although this hypothesis has not been tested by direct experimenta- 
tion. 

From the data available for Zebus, their crosses with European 
breeds, and pure European breeds, it has been found that the corre- 
lation of age and weight ranges from 0.85 to 0.96 in all groups. The 

TABLE 5.4 

Averages for body surface area of groups of cattle, unadjusted , adjusted for age 
effects and adjusted for weight at a constant age as heifers or cows . Within heifer 
groups and breed groupings in cotes, i.e., Jerseys and crosses or Holstclns and 
crosses, values in the same column with a common superscript (I, 2, or 3) are not 
significantly different, but do differ from those not having the same superscript 
[P < .05]. 


Breed 

group 

No. 

animals 

Surface 

area 

(m«) 

Surface area 
adjusted for age 
(m*) 

Area adjusted 
for weight at 
constant age 
(m s ) 

HEIFERS 

Jersey 

6 

2.03' 

2.04‘ 

2.37 

Brown Swiss 

6 

2.58 s 

2.59 s - 3 

2.58 

Holstein 

6 

2.63* 

2.64 s - 3 

2.63 

Shorthorn 

6 

2.60 s 

2.57 s 

2.58 

Santa Gertrudis 

6 

3.06 3 

3.05 s - 3 

3.04 

Brahma 

6 

3.08 s 

3.07 3 

3.06 

cows 

Jerseys 

34 

4.30 1 

4.25* 

4.17 

■/.i* 

10 

4.04 s 

4.10'- 1 

4.08 

'(.J 

33 

4.15 s 

4.31* 

4.20 

V.J 

23 

3.87 s 

3.95 s 

4.12 

Holsteins 

16 

4.68* 

4.60 

4.46 

% H* 

8 

4.47 s 

4.45 

4.40 

% H 

11 

4.44 s 

4.52 

4.45 


Source: Data on heifer* from Johnson el at., 1961; on cow* from Bran ton et at* 1966. 
'Crourl of Jcf*ey or HoUtcln and Red Slndfu. 
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relation of age and surface area is .n the same range and appears 
nearly similar in both groups The correlation of body ^we'ghf and 
surface area ,s high for Brahman, Santa Certrud.s, Shorthorns, Hoi 
stems. Brown Swiss, Jerseys, and crosses between J erse >\ M 
Sindhis (0 95 to 0 98) This means that differences among breeds 
cattle are mainly due to variability in body weight, since means ol 
various groups showed no significant differences after adjustment to 
a common body weight and a constant age (Table 5 4) Still, there is a 
slight advantage in surface area favoring the Zebu (Brahman) or 
crosses with a high proportion of Zebu but not of the magnitude gen- 
erally credited What this signifies is that if a Zebu and a Brown Swiss 
or a cow of another European breed weigh 300 kg each and are of the 
same age, the weight to mass ratio will be similar So, as in the case 
of sweating rate, we should be cautious about comparing surface to 
mass ratios without considenng the factors that influence this rela- 
tionship 


Body Conformation 

Due to its charactenstic hump and large fold of skin underneath the 
neck (dewlap), the Zebu has a somewhat different body configuration 
than European breeds (Figure 5 4, top portion) That the appendages 
represent, not additional surface area, but a change in body configura- 
tion has been demonstrated by McDowell et al (1959), who found 
that body length (withers to hips) decreased 2 cm with each increase 
of 25% in Zebu breeding How much the Zebu body configuration 
has to do with its tolerance to tropical climates is unknown As indi- 
cated tn Chapter 3, the appendages are not adjacent to the main 
sources of heat production, they have a poorer blood supply than areas 
of the main trunk, and their rate of evaporation is less Assessment of 
response to thermal stress of Red Sindhi bulls following removal of 
the dewlap (center portion of Figure 54) and amputation of the 
dewlap hump, and one half the ear surface (lower portion of Fig- 
n ? 4 r ® veal that these appendages were collectively im- 
portant to the bull s capability to adjust to hot conditions If ambient 

SSSTrfrtf C ° n ! hhons " ere h ‘8 her *an skin temperature, the body 
Zeb ” 1 would 350111 advantages, but m a warm, humid 

the value of th ^ tenipeIah,re is lower than skin temperature 
the value of the appendages seems questionable 

In tW,nr! Ue fun t0 the Wel1 be, "S »f *e Zebu is not clear 

course of studying the role of the hump in resistance to thermal 



FIGURE 5.4 

Red Sindhi bulls intact (top); with dewlap 
surgically removed (middle); and with hump and 
dewlap removed and ears trimmed down to the 
site for Jerseys. Removal or reduction of lire 
appendages did not bring about a significant change 
in the response of the animals to thermal stress. 
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relation of age and surface area is m the same range and appears 
nearly similar in both groups The correlation of body , »c.B >' 
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cattle are mainly due to variability m body weight, since means ot 
various groups showed no significant differences after a jus men 
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crosses with a high proportion of Zebu but not of the magnitude gen 
erally credited What this signifies is that if a Zebu and a Brown Swiss 
or a cow of another European breed weigh 300 kg each and are of the 
same age, the weight to mass ratio will be similar So, as in the case 
of sweating rate, we should be cautious about comparing surface to 
mass ratios without considering the factors that influence this rela- 
tionship 


Body Conformation 

Due to its characteristic hump and large fold of shin underneath the 
neck (dewlap), the Zebu has a somewhat different body configuration 
than European breeds (Figure 5 4, top portion) That the appendages 
represent, not additional surface area, but a change in body configura- 
tion has been demonstrated by McDowell et al (1959), who found 
that body length (withers to hips) decreased 2 cm with each increase 
of 25% in Zebu breeding How much the Zebu body configuration 
has to do with its tolerance to tropical climates is unknown As indi- 
cated in Chapter 3, the appendages are not adjacent to the mam 
sources of heat production, they have a poorer blood supply than areas 
of the main trunk, and their rate of evaporation is less Assessment of 
response to thermal stress of Red Sindhi bulls following removal of 
the dewlap (center portion of Figure 5 4) and amputation of the 
dewlap hump, and one half the ear surface (lower portion of Fig- 
Un \ / , not J® v eal that these appendages were collectively im- 

portant to the bull s capability to adjust to hot conditions If ambient 
C ° n ? ltlons ?? re h, S her *an skin temperature, the body 
cl,mL t* Zebu would afford advantages, but in a warm, humid 
the amb,e "‘ >™perature ,s lower than skm temperature 

the value of the appendages seems questionable 

In the coots F . j 10 the we " bel "g of the Zebu ts not clear 

course of study, ng the role of the hump ,n res, stance to thermal 




FIGURE 5.4 

Red Sindhi bulls intact (top); with dewlan 
surgically removed (middle); and with h Umn , 
dewlap removed and ears trimmed down m ,. antJ 
size for Jerseys. Removal or reduction of th* 
appendages did not bring about a significant t 
in the response of the animals to thermal ^ Ch ^ge 




F1GCRE 5 -} 

Red S ndhi (left) and Red S ndhi Jersey crossbred (n^ht) males 
showing contrast in location of hump (top section) after removal of 
the hides (center section) and after removal of the trapezius muscle 
to expose the attachment of the romhoideus (hump) muscle 
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FIGURE 5.6 

Longitudinal section of the hump and spinal processes of Zebu bull. 

The hump rests on the spinal processes but is not attached; it is well 
marbled with fat and has an external covering of fat in proportion to 
the general fatness of the animal. (Courtesy Agric. Res. Service, 

USD A). 

stress* it was found that the hump was not important in locomotion 
(McDowell et al., 1958). In the Indian Zebu the hump is erect and 
directly above the center of the scapulae (Figure 5.5). It is attached 
to the scapular cartilage by a small segment of cervical fibers. The 
B portion of Figure 5.5 represents a Zebu-European cross. One-half 
European breeding causes the hump to lie along the neck like the 
crest muscle in bulls of European breeds, but total weight of the hump 
and its attachment to the scapular cartilage are the same as for Zebu. 
A longitudinal cut through the hump and spinal processes (Figure 
5.6) shows that the hump is not directly attached to the spinal proc- 
esses. Us insignificance in locomotion indicates the hump is not as 
well supplied with blood as other areas, thereby not likely significant 
to promoting heat loss. Perhaps attention has been given to having an 
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erect hump m areas where cattle ^ ""^"gXhon 
ease » pulhng rather than for an “ “£££ de g gree the 

leng^or^s^of 

desert areas tend to have rather long legs in relation to b °^ 
e g fhe camel and the donkey Sheep and cattle from these areas have 
longer legs than those from temperate areas This could b P « 
adaptation for reducing reflected radiation from the grou , 
as for increasing the animals’ ability to cover vast areas for fee °' ng f 
and watenng To what extent the length of leg in troplca ' ^ ha , 
cattle has resulted from the pressures of the environment, and 
extent length has been reduced in temperate breeds through selectio 
can not be discerned 


Maintenance of Heat Balance 

Cattle and sheep indigenous to warm climates are on the whole more 
efficient in their use of respiratory cooling because they tend to utilize 
a shallow or panting type breathing rather than a deep bellows type, 
which increases the risk of hyperventilation (McDowell et al , 195o) 
The characteristic breathing of the indigenous stocks probably inter- 
feres less with feeding and perhaps has less influence on the appetite 
center Since the indigenous animals generally have less genetic 
potential for growth and milk yield, their demands for feed are more 
readily satisfied Low feed intake in turn produces less heat load, 
therefore, the animals’ systems are not forced to function on as high a 
level as when feed intake is higher 

The Zebu will seldom show a marked rise in body temperature 
Under mild to intermediate levels of stress, it will show less disfunc 
tion in performance than European breeds, but under high levels of 
stress its proportional reductions in growth rate, milk yield, and feed 
intake will equal or exceed those of European types This lends sup- 
port to the theory that, as with nearly all other traits, the differences in 
respiration rate or body temperature are meaningless unless we know 
a great deal more about the environment, levels of feed intake, and 
performance 


Metabolism and Feed Efficiency 


The majority of Zebu catUei as we „ M natwe to Afrlca> have 

asa meta ohc rates, resulting in lower maintenance require- 
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ments per unit of body mass. Tests in Kenya showed the local native 
breed, Boran, to have a 10% lower metabolic rate than Herefords. 
Indigenous cattle’s smaller body size and smaller digestive systems 
per unit of body weight no doubt aid in efficiency of digestion, par- 
ticularly with low levels of feeding and poor quality feeds (Rogerson 
et al, 1968). A small digestive system probably limits appetite, in 
contrast to a large rumen capacity, which permits greater intake of 
feed in a short period. A slow, relatively constant rate of intake would 
tend to maintain rate of heat production in the body at nearly a con- 
stant level. Zebu cattle are inclined to slow eating even when offered 
liberal quantities of highly palatable feeds; and this behavior con- 
tributes to a steady, consistent rate of heat production. 

Experimental evidence from Louisiana State University and the 
University of Missouri has shown that metabolic heat production is 
lower for Zebu cattle than for European breeds. In the Louisiana 
studies, the heat production of Red Sindhi-Holstein crossbreds was 
less than for Jerseys or Holsteins. The estimated ratio of heat pro- 
duced per square meter of body surface for the crosses was 57% of 
that for Holsteins and 76% of that for Jerseys; but the heat increment 
per kg of milk yield was the same for all groups. These findings are 
supported by studies at the National Dairy Research Institute in 
Kamal, India, which showed that Sahiwal, Tharparkar, and Red Sindhi 
cows had lower levels of metabolic heat production than those re- 
ported for European breeds. 

In spite of differences in metabolic rate, there is no good proof of 
differences in digestive efficiency between Zebu and European 
breeds, especially on medium to high levels of feeding (French, 1940). 
It seems the food is digested and utilized with equal efficiency by 
both types. However, when efficiency is judged according to the ratio 
of units of feed required per unit of product, the European breeds 
far excel. Trials in Kenya showed Herefords were more than twice as 
efficient as native Boran cattle in converting feed to live-weight gain 
on high levels of feeding (Rogerson et al., 1968). 

From the foregoing evidence, it would follow that in adverse 
nutritional circumstances, such as those imposed by drought, the 
indigenous animals would have a better chance of survival, or at 
least they would suffer smaller losses in body weight, whereas on 
high levels of feeding they would be less efficient than European 
breeds. 

Some experiments have demonstrated that animals from tropical 
areas can tolerate more extensive dehydration, in which case they 
could go for longer periods without watering. But here again there are 
confounding factors. Water intake is closely related to dry matter 



. RESPONSES TO WARM ENVIRONMENTS 


152 i 

SSSSSSSS^g 

logical requirement for less water Although Quarterman j f 

demonstrated that the water reabsorptron powers of tta ^colon 
European type cattle was less than for Zebu, no cons deration was 
given to differences in levels of feed intake Especially with P 
feeding, European cattle would be apt to take m more dry ' r 

than indigenous cattle and consequently have greater thirst problem , 
Several workers, notably Howes et al (1963), have subm tted 
evidence that Zebu cattle are superior to European types in tnei 
capacity to digest food because of differences in the rates of termenta 
tion in the rumen The Zebus had higher fermentation rates, and there 
was some indication that they could better utilize the low protein 
coarse fodders that are common to the tropics The latter findings 
have been confirmed by research in India that showed Zebus retaine 
more nitrogen than reported for European breeds 

In a senes of expenments with Hereford, Brahman, and Ho - 
stein yearling steers on a ration of 25% alfalfa hay, 44% barley, an 
30% molasses, the gm/unit of metabolic size (W* kg) was 51, 41, and 
40, respectively, for the three breeds The utilization of feed con- 
sumed above maintenance for energy deposition (determined from 
die slope of the regression of food lntake/W" 4 against energy gam) 
indicated that each Meal of energy gam required 10 3, 11 8, and 14.1 
gm of feedAV 3 ' 4 kg for Herefords, Brahmans, and Holsteins, respec- 
tively These tests demonstrate that the three breeds were approxi- 
mately equal in the efficiency of utilization of feed for maintenance 
but that the Brahmans and Holsteins were less efficient (87% and 
73%, respectively) than the Herefords in converting feed energy mto 
body energy (Canet, 1965) 


Internal Anatomy 

The important differences between Zebu and European breeds in 
metabolic heat production and internal anatomy suggest that the 
higher tolerance to thermal stress of the Zebu types may be due more 
to intern dy characteristics than to efficiency in promoting heat 
toss Postmortems on crosses with 25, 50, and 75% Red Sindhi in 
combination with Jersey or Holstein, revealed important differences 

°,'? anS ° f theSe ammals and the or « ans ° f PUre 
Sh t emS (Swe v tt et al ■ 1961 > dressing percentages 

l-k-hour shrunk live weight/empty body weight) of the crossbreds 
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with 50% or more Red Sindhi were significantly higher than for the 
pure European breeds. Since weight of hide per unit of empty body 
weight was similar for all groups, the major differences were due to 
size of the internal organs and fill of the digestive system. The omasum 
and abomasum of the 50 and 75% Red Sindhi crosses were 21-30% 
smaller than those of Jerseys, and the rumen and reticulum were 
11% smaller. The total length of intestines for the crosses was 8-13% 
shorter than for Jerseys on a comparable body weight basis. Each 
25% increase in Red Sindhi heredity reduced the diameter of the 
intestines by about 0.1 cm, and the weight of fill of the digestive 
organs was significantly less in these crosses. The sizes of liver, 
spleen, pancreas, pituitary, thyroid, and adrenal glands of the crosses 
with 75% Red Sindhi breeding were substantially smaller than in 
Jerseys, but these differences were not apparent in the 25 and 50% 
crosses. The thymus and parathyroids were not affected by the pro- 
portion of Red Sindhi breeding. 

Furthermore, marked differences were observed in the subcu- 
taneous adipose tissue. The average thickness over the 11-13 ribs was 
0.8 cm for Jerseys and Holsteins, but increased consistently with 
greater proportions of Red Sindhi breeding up to 1.7 cm for the 75% 
Red Sindhi crosses. Crossing did not appear to influence the propor- 
tion of peritoneal adipose tissue. These findings suggest no pro- 
nounced difference between indigenous and European breeds in the 
deposition of fat. On tire other hand, it has been reported that Boran 
cattle from East Africa store less of their total adipose subcutaneously 
than European type cattle (Ledger, 1959). Whether the difference in 
observations was due to the types of cattle or to age and fatness of the 
animals at the time of slaughter is unidentified. The Boran carcasses 
did, however, have 3-4% more fat than contemporary Herefords. 

Evidence has been presented on several occasions for major 
differences between cattle indigenous to warm climates and Euro- 
pean types in age of puberty, reproductive efficiency, growth rate, 
mature size, milk yield, susceptibility to disease, and resistance to 
external parasites. Differences in all these traits are no doubt related, 
at least indirectly, to ability to survive in extremes of climate and 
hence, to general suitability of animals to hot climates. Since these 
traits are more or less indirectly related to the physiology of heat 
balance, they will be dealt with in subsequent chapters on breeding 
and management. 

A general summary of the possible advantages of indigenous 
cattle for warm climates is given in Table 5.5. Positive and negative 
values portray tire deviations from European breeds in traits that 
might be expected to afford certain advantages for warm climates. 
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Slur companion o/cr rt «m treat „/ conic indigene, to 

until those 0 / European type Mile (-) lets than European, (+) greater lha 

European (?) unsettled (0) no pronounced difference 


Trait 


Deviation from European type 


Length of hair coat 

Thickness of skin 

Skin pigmentation 

Secretion from sebaceous glands 

Body surface area in relation to unit size 

Body size (weight and skeletal dimensions) 

Number of sweat glands/unit of body surface 

Sweating rate when stimulated by hot conditions 

Length of legs in relation to total body height 

Level of basal metabolic heat production 

Total energy required for maintenance 

Heat production/unit of milk energy produced 

Efficiency of digestion at low levels of feeding 

Efficiency of feed utilization on high feeding 

Rate of feed intake 

Size of digestive system 

Size of endocrine glands 

Size of internal organs 

Tolerance to dehydration 

Susceptibility to respiratory alkalosis 

Ability to maintain normal heat balance 

Tolerance to nse in body temperature 

Deposition of adipose tissue 




? 

? 


The advantages of individual traits, and even the nature of interac- 
tion effects, are as yet unclear But observations to date suggest that 
a major advantage of indigenous type cattle lies in their apparent 
inherent small size as compared to most of the breeds or types origi- 
nating in the cooler climates At least this is strongly suggested from 
most of the observations made to-date There is perhaps one excep- 
tion, that of the Cnollo cattle found in the Lake Maracaibo region of 
J heS f Cattlli are somew hat larger than other indigenous 
wL.nl h ° W ^ ey C ? mpare to European breeds for warm climates 
affording Uate , t * j ls ^ een noted that several of the features 

m°emTnk , geS ■"d.genous types may have more to do with 
If *Ts L a n S ‘ 8 ^nchoning than direct avenues of heat loss 
of the indicef d' assu ™P tlon ' 11 blither emphasizes the inadequacies 

warm climates eaiher f ° r ammal ^Ubtbty to 
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Sheep indigenous to warm climates, like cattle, seem to have 
some special adaptive features (MacFarlane et al., 1967). Those hav- 
ing to do with sweating rate, metabolic heat production, digestive 
efficiency, tolerance to dehydration, and size of internal organs ap- 
pear to show the same sorts of differences as those of indigenous cat- 
tle. The sheep found in the hot, dry regions of northern Africa and 
southeastern Asia are less compact in body. They have long legs and 
large ears in comparison to groups found in the cooler climates. They 
have a less compact body covering consisting either mostly of hair or 
of coarse wool. Many of these groups show one of three types of tails: 
long, broad fat tail, fat tail but intermediate in length and width, or 
short fat tail with fat rump, and some have deposits of adipose tissue 
in the neck and dewlap as well. Most of the types with these anatomi- 
cal features deposit little fat subcutaneously. This should prove more 
beneficial under extremely hot conditions than a similar amount of 
fat distributed over the entire body surface. 

In total number, the Merino type sheep are found most widely in 
the N-S 30° latitudes. There are several strains or groups that have 
been developed in various localities from the original Merino of 
southeastern Europe and north Africa. The Merino seems to have 
about the same position among sheep breeds as the Zebu cattle from 
southeast Asia. They are smaller in size than breeds found in the 
northern part of Europe or the U.S. They are slow maturing and have 
a lower inherent growth rate than many of the British mutton breeds. 
Their reproductive efficiency under good feeding and management 
is less than for the British breeds. Nevertheless, research in Australia 
with the Merino types developed there indicates that they are well 
suited to the northern territories, where seasonal temperatures are 
extreme and feed supplies are rather poor. Their suitability to these 
conditions seems to hinge on several of the same features possessed 
by indigenous cattle (Table 5.4). 


DETERMINING ANIMAL SUITABILITY 
BY PRODUCTIVE FUNCTIONS 

It is evident that before making decisions about the suitability of 
animals for the warm climates, one should know wherein lie the ad- 
vantages of particular breed groups. It is also important to know how 
much the advantages or disadvantages of certain characteristics are 
worth in relation to the purpose the animals are expected to serve. 
In hot, dry environments the advantages of indigenous animals may 
range from 5 to I007o. The low advantages apply to features like 
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hair color, while 100% applies to size in relation to ava,labla f< ^ 
supplies, as illustrated in Figure 4 5 In warn, humid Cmatcs the 
advantages may be somewhat less for the majority of the trait* l pos 
sihly in die range of 1 to 30% over those cattle of European origin 

- “0% where feed conditions are extremely poor It should be 
mmd that these probable advantages have to be weighe 


kept m Ihimu r - , . rp _ 

against the inherent ability for performance -e g , growth rate, re 
productive efficiency, milk yield, and wool production 

Table 56 provides an illustration of how comparative evalua- 
tions ought to be looked upon in assaying which animals are mos 
suitable to a given environment This table summarizes resu "^ 0 , a 
long-time study on the feasibility of combining Red Sindhi and Bran- 
man (two breeds of Zebu cattle) with European breeds to improve the 
adaptability of dairy cattle to the Gulf Coast region of the U S The 
ments of introducing traits from the Zebu breeds were judged by 
varying the proportions of Zebu breeding from ‘4 to 3 /« Each cross- 
bred group was compared to contemporary purebred Jerseys, Hol- 
steins or Brown Swiss A zero sign (0) m the table indicates no signifi- 
cant difference between crossbreds and purebreds Negative (— ) and 
positive (+) values indicate the significant disadvantages and advan- 
tages, respectively, for the crossbred groups The traits measured 
were grouped into two classifications— performance and physiological 
adaptation 

The crossbred groups with ‘4 to ’/ 4 Zebu breeding showed con- 
sistently greater physiological adaptation than the European-breed 
contemporaries, but they were lower for most performance traits The 
and 'li crosses (fraction of European breeding) were similar to their 
European breed contemporaries in most respects, except for inferior 
yields of milk and milk fat Even though the crosses with *4 or more 
Zebu breeding tended to excel in physiological adaptability, it was 
concluded that the losses in performance traits did not justify attempts 
to select for possible higher physiological adaptability These evalua- 
tions were made in relation to conditions in the southern U S and 
may not be entirely valid elsewhere Nevertheless, the principles in 
determining suitability remain the same 

A scale of assessment, such as illustrated in Table 5 6, would be 
desirable for development of selection programs for local stocks and 
determmmg the potential of vanous groups might be selected from 
F °? a ^° ns Buta11 the effort required is too costly and time con- 
disc!!™!? te r j C ? mmended for exte nswe use Yet, from the foregoing 
and man? 5 and til0Se ,n the cha Pters that follow on feeding, breeding, 
for cer/» * ? er ? ent ’ 11 seems there is adequate information available 
TabL* tT u Slfi f atl0n s on suitability of stocks For example, 
s ows the likely rankings of vanous groups of cattle for 
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Summary of relative comparisons of the major Sindhi-and Brahman crossbred 
groups to purebred Jerseys, Holsteins, and Brown Swiss: 0, difference between 
crossbred group and respective purebred not significant; > purebred had significant 
advantage; +, crossbred had significant advantage ; blank, no observations made. 









Sindhi- 









Sindhi- 

Brown 





Sindhi-ferscy 


Holstein 

Swiss 

Jersey-Brahman 

Item 

ij 

FJ“ 

FJ * 

'IJ 

%H 

FiH 

3 l t B 

F,B 

%Br 

%Br 

FjBr 

PERFORMANCE 

Growth 












Body weight 

0 

-F 

- 

~ 


- 

~ 

— 

— 

0 

+ 

External body dimensions 

0 

- 

— 

- 


— 

~ 

— 

0 

0 

+ 

Body surface area 

0 

0 


0 

0 

0 






Internal anatomy 












Size of digestive tract 

0 

- 


- 


- 






Weight of endocrine glands 

0 

- 


- 


— 






Ail other organs and glands 

0 

- 


- 


— 






Reproduction 












Age at sexual maturity 

0 

0 

0 

- 

0 

0 

0 

0 

0 

0 

0 

Breeding efficiency 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Livability 

0 

0 

- 

— 

0 

0 

0 

0 

0 

0 

0 

Production 












Milk (kg) 

- 

- 

- 

- 

- 

- 

- 

- 

0 

- 

- 

Fat (%) 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

0 

+ 

+ 

Fat (kg) 

- 

- 

- 

- 

- 

- 

0 

- 

- 

- 

- 

Persistency 

- 

- 

- 

- 

- 

- 



0 

0 

0 

Feed efficiency 

0 

- 

- 

- 

0 

- 






Temperament 

0 

- 

- 

- 

0 

- 

0 

- 

0 

- 

- 

Rate of milk letdown 

0 

- 

- 

- 

- 

- 





- 

Rate of feed consumption 

- 

- 

- 

- 

- 

- 






PHYSIOLOGICAL ADAPTATION 

Resistance to parasites 

0 

+ 

+ 

+ 

+ 







Lcnth of hair coat 

0 

+ 

+ 

+ 

0 

+ 

0 

+ 




Response to heat stress 












Rise In rectal temperature 

0 

+ 


+ 

0 

+ 

0 

+ 




Rise in respiration rate 

0 

+ 

+ 

+ 

0 

+ 

+ 

+ 




Rise In respiration v olume 

0 

+ 


+ 

0 

-f 






Decrease in tidal volume 

0 


+ 

+ 

0 

+ 






Mclulxrtic heat production 

0 

+ 




+ 






Surface evaporation 

0 

0 


0 


0 
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ANIMAL 


RESPONSES TO WARM ENVIRONMENTS 


Ra.iL.nK from lush I" lou. u/cirlilin ..cup. „/ cattle for cluirurlcrt.llr. 
mdkauie »/.ui!nf.illl|l lo lull tntlronm.nl. un.Icr cll/.tr o.l.onlontou. 1 1 
JtaJtonloi-on. .narmeemtnl comlll.on. lined sr, up. tart* .on., column 
with a common .uj.cr.cnpl (I or HI u.c nol .Ipulfronll.; dlffercl. hut 
do differ [tom ll.o.c nol l.uuns l/.c .nine .ujicncnjil |l < l»| 



Method* of Wtasunn,; Adaptation 


Rise in Body Tempctalute 

Croal/i Hate 

twi ricH 

ENVIRONMENT A ADEQUATE NUTRITION SO SEIUOLS DISEASE 1 RORLEMN. CIKJU 
MAS AC LMLNT* 


Brown Swiss 

Holstein 

Zebu European \ 

Charolais 

Brown Swiss 

Santa Ccrtrudis 

Holstein 

Jersey 

Brown Swiss' 

Zebu V 

Zebu V 

Jersey 1 

Santa Ccrtrudis 1 

Zebu* 

Charolais 1 

Hertford' 


Angus' 

Angus' 


Hereford' 

Jersey 4 


Holstein' 

/ebu' 



ENVIRONMENT B LOW NUTRITION DISEASE 1 BO II LEMS l-OOft HASACEMLVI* 


Zebu X 

Zebu X 

Zebu \ 

Zebu 

Zebu 

Jersey 

Brown Swiss' 

Brown Swiss' 

Brown Swiss’ 

Jersey' 

Hereford* 

Holstein' 

Angus' 

Charolais' 

Zebu* 

Charolais* 



Holstein* 

Jersey' 


Hereford* 

Angus* 



* AAwme. ample quanhty and quJ ty of feed throoibout ihe y «r IOO J diwau. 
control cocauiiet. and ciperienced penooncl (or roanajemenL 


smtabihty to warn climates where certain general environmental 
conditions prevail and either displacement of body heat balance or 
performance are used as criteria If the conditions for environment 

breei w™ d ai ! d L°?,, y temp<:rature « used as the scale, the Zebu 
breeds would look the most suitable, followed closely by Zebu- 

SZm' 83ch — Sant Gertrudis.^a breed 
ferent from thl° Zeb “ ^ he would not be sigmficanUy d.f- 

thrnTtherenresenhm * hey woM b <= s.gnfscantly better 

hand if in the same t T ° f ' h<! European t V pes hided On the other 
n the same environment suitability ,s determined solely as 
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growth rate or milk yield, the rankings would be quite different (Ta- 
ble 5.7). In general, the European types would be superior to the 
Zebu or Zebu-European crosses, even though the European breeds 
would be performing at less than optimum efficiency. 

Under environment “B” conditions, rankings based on the least 
displacement or rise in body temperature would place the breed 
groups in about the same general order as in environment “A” with 
the exception of significant separations in the European types. But 
the rank order for growth rate and milk yield would be quite dif- 
ferent from those in “A.” Based on current research findings, rough 
evaluations of suitability could be made after development of an 
environmental profile (see Chapter 2). 

Another fairly crude but effective basis for choosing breed groups 
might be mature size (small, medium, or large) in relation to the ex- 
tremes of climate, since this has a direct relation to available feed 
supplies (Table 5.8), very limited 2-4 months rain, moderate 5-7 
months rain and reasonably good 7-10 months rain. Where the feed 
supplies are very limited as in an environment with a rainy season of 
2-4'/» months, small indigenous cattle breeds or sheep or goats would 
be most practical unless irrigation or supplementary feeding could 
be used extensively to enhance feed supplies. In the 5-7 month rain 
areas the medium or intermediate size breeds would likely be most 
satisfactory from the standpoint of performance (Table 5.8). The use of 
large breeds in warm climates is justified only where there are ample 
supplies of feed of good to excellent quality, effective measures of 
disease control, and some protection provided against the extremes of 
climate. This could be accomplished in 7-10 month rainfall areas at 
the least cost. 

If in a given locality the ration is likely to consist of coarse feeds 
such as straw and grass of low to medium quality, with little or no 
concentrates, the total energy supply available to the animal would 
most likely be less than 3000 Meal per year. With such feeding the 
small cow, even though potentially a low milk producer, would prob- 
ably yield as much or more than a cow from a large breed because the 
total feed supply would not meet even the maintenance requirements 
for the large cow. In contrast, the small cow’s maintenance require- 
ments would be about 2000 Meal per annum, thereby leaving some 
energy from the feed supplies for productive processes. The capa- 
bility of the large animal would be further inhibited because the 
underfeeding would reduce its resistance to disease and parasitism. 

Still another system for determining suitability of cattle to 
tropical climates could be based on the potential of the land, the cost 
of tlte land, and the potential for capital investment For example, for 
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Examples of recommended breeds of catlle most 
suitable for dry wet dry and humid summer environments 


Dry 

(2-4 month* ram) 

Wet Dry 

(5-7 months rain) 

Humid summer 
(7-J0 months rain) 

Small hreedt 250-400 kg 

Medium breeds 400-500 kg 

Large breeds >500 kg 


Boran 

Charolais 


Zebu X 

Holstein 

Cnollo 

Africander 

Brown Swiss 

Angus 

Santa Ccrtrudi* 


Jersey 

Hereford 

Shorthorn 


operations involving continuously stabled cattle (principally near 
sizable urban centers) the use of high grade or European breeds or 
cattle, both for beef and dairy operations, could be recommended, for 
stabling and pasturing in combination, improved crossbred types, and 
for continuous pasturing on native grasslands, indigenous types or 
first generation crosses of European and Zebu breeds Such classified' 
tions would be closely related to the intensity of operations, that is 
the inputs per animal 

Strong arguments could be put forth to support the need for con- 
sidering numerous other variables in determining the suitability of 
animals for a given environment, such as resistance to ecto-parasites 
The problem is that there is no simple method that can be used to 
determine which animals will perform most satisfactorily in a given 
environment. All breeds known today and their crosses have certain 
strengths and weaknesses From the practical standpoint, we ought to 
be flexible about choice of animals, mainly because environmental 
conditions are subject to change For instance, in an area that is 
initially isolated because of inadequate transportation, emphasis 
must go toward making the best use of local resources If a roadway 
were to be put through the same area, additional inputs would 
^ ro a ^ P a y» hut m order, far these to give satisfactory returns on 
required* 1 * S ° mewhat dlfferent type of animal would no doubt be 

in gen 1 ebci f t wou!d readily argue against broad latitude 

for selection of 6 because *h ls would restrict the opportunity 
ment This ™ ° ne b 5 eed 8 rou P for suitability to a given environ 
“.Srrt 1 * reftlted But this rigidity m atti- 

ut breeds and breeding systems must change if livestock 
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enterprises are to become economically profitable in warm climates. 
This issue will be dealt with more extensively in chapters on breed- 
ing and management. 

Although most of the examples cited in this chapter for judging 
suitability on performance and size were for cattle, the principles 
should be largely applicable to other species of livestock. 
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FEED SUPPLIES 
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Problems of 
Forage Production 
in the Warm Climates 


In spite of what has been said in the previous three chapters about the 
deleterious effects of warm climates on the comfort and efficiency in 
the perfonnance of livestock, inadequate nutrition constitutes the 
major inhibitor to higher outputs of livestock products. The causes for 
poor feeding are numerous; some created by man-e.g., destruction 
of grasslands through overgrazing —and others by nature— e.g., rain- 
fall distribution. Although man and the environment in warm climates 
create handicaps, there are numerous favorable signs that feed sup- 
plies could be expanded, either through improvement of grazing 
lands or better use of products already available. This chapter and the 
following chapter deal with feed supplies from forages and other 
products used to replace or augment forages. 

ENVIRONMENTAL PROBLEMS 

Currently it is estimated there are 1.5 billion hectares of land under 
cultivation, with about 6GC© actually harvested annually. In Table 
6.1, die land designated as potentially arable is defined us land with 
no physical limitations that would prevent cultivation employing 
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World land resources in relation to climatic factors 
limiting food production (million hectares) 


Non arable 


LimUatioru 

Potentially 

arable 

Crazing 

Other 

Total 

Temperature 

820 

9-10 

2950 

4710 

Moisture 

1300 

1500 

1360 

4130 

Moisture and temperature 

550 

920 

1640 

3110 

Not limited by temperature 




1190 

or moisture 

500 

330 

360 

Total 

3170 

3690 

6310 

13140 


Source FAO data 


present day modem machinery and technology The non-arable 
portion is that which has physical limitations inhibiting cultivation, 
such as steep slopes or outcropping rocks The N-S 30° area has about 
50% of the potentially arable land and approximately 52% of the non- 
arable land by present day standards The non-arable grazing refers to 
permanent or nearly permanent grasslands These include a wide 
array of types from desert grasses and shrubs to tall praine grasses — 
all products of natural forces, plus former use that favors grass and 
small plant growth rather than trees The other non-arable lands are 
those which currently have little or no use for agriculture, such as the 
truly and areas Although the lands of much of the N-S 30° area have 
physical limitations, it seems that much of the land could contribute 
more to feed supplies for livestock than now 


Rainfall Distribution 

AUhougti rainfall and temperature were discussed in Chapter 2, 
“ e *f m ‘ nall °n of their patterns of variation ,s necessary to ap- 
m lmportance >" relation to feed supplies To the hve- 
the vanah 6 averaBe anna al rainfall is perhaps less important than 
Thereof m en l 0 Un n red W,thm a B ‘ ven a " d ^ >° *** 

in die era sknds nUtallV<: Va,Ue of natural forages, especially 
distnbutum of ra T “7 d ' reCt Actons of the amount and 

factors in deter ’.u* erefore ' ™ nW 15 of the more critical 
■actors in determinig the potential for animal production 

hectaeson P andin* de ° f * e approximately 13 5 billion 

*e topic hted „n\ W °' ld ThEIe “= fo o classifications of land in 
op.es based on charactenstic rainfall patterns (Table 6 2) The 
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TABLE 6.2 

Land areas of the tropics { million hectares) 
classified by characteristic rainfall distribution. 

Humid months are those with at least 8 cm precipitation. 


Regions 

Asia 6- 
Pacific 
Islands 

Africa 

Oceania 

South 

America 

North 

America 

Total 

Rainy 

(9‘/ 2 -12 months humid) 

350 

200 


600 

450 

1600 

Humid summer 
(7-9 l /j months humid) 

270 

500 

10 

580 

50 

1410 

Wet-dry 

(4*/ 2 ~7 months humid) 

150 

640 

50 

100 

80 

1020 

Dry 

(2-4'/ 2 months humid) 

90 

490 

110 

70 

20 

780 

Semi-desert and desert 
(2 months humid) 

130 

300 

100 

20 

10 

560 

Total 

990 

2130 

270 

1370 

610 — 

5370 


Source: Adapted from Landsberg et at.. 1963. 


high rainfall area represents 24% of the lands; humid summer, about 
28%; wet-dry, 21%; dry 16%; semi-desert and desert, about 11%. It 
is evident from these rainfall patterns that most of the area in the 
N-S 30° latitudes must have definite fluctuations in plant growth. 

Even in the wet regions where rainfall may be rather uniformly 
distributed throughout the year, usually the interaction of tempera- 
ture and rainfall produces at least two distinct periods of variation in 
the quantity and quality of feed supplies. The island of Singapore, 
for instance, which lies astride the equator, has a high level of rain- 
fall uniformly distributed; yet very careful management is required to 
even approach a consistent supply of quality forages. Unless the 
grasses are cut at short intervals (<45 days), they will mature rapidly, 
resulting in decreased palatability and digestibility, just as in areas 
with distinct wet and dry seasons. Thus, in the natural or the un- 
managed state the feed supplies of the tropic and subtropic grass- 
lands are insufficient in both quantity and quality for profitable 
livestock enterprises. 

The characteristics of the soil are important in the availability of 
soil moisture for utilization by plants. In both the wet-dry and rainy 
climate regions much of the soil tends to develop almost impermeable 
layers on or near tire surface, thereby lowering water storage during 
die rainy season and promoting consequent rapid deterioration in the 
quality of the grasses with the onset of the dry season. 
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Temperature and Moisture 

Although no detailed studies have been made of temperature limita- 
tions m the N-S 30° latitudes, certain implications can be derived 
from the FAO data in Table 6 2 In about 36% of all lands, production 
is limited by temperature, by moisture in 31%, and by both moisture 
and temperature in 24% Only 9% of the world’s total land area 
seems to have no defined limitations of moisture or temperature 
Assuming that about 40% of the total land area is in the low latitudes, 
there are bound to be limitations due to temperature Coupled with 
this are the influences of topography and wind patterns on seasonal 
temperatures Therefore, the portion of the N-S 30° area that does not 
have some restrictions of temperature that would influence feed sup- 
plies is relatively small and certainly much less than the usual tem- 
perate zone inhabitant’s concept about warm climate areas When 
moisture limitations are combined with temperature, the area with- 
out definite restrictions is very small 


Soil Characteristics 

Another limiting factor in food production for livestock is the quality 
of the soils Table 6 3 shows the extent of different types of soil in 
each of the major rainfall distribution areas of the tropics The soils 
that are nch in bases are usually low in nitrogen but have enough 
of most of the other elements for adequate fertility The leached, acid 
soi s are deficient in minerals in the upper layers and hence are not 
well suited to current methods of cultivation The shallow soils have 
problems similar to those of the leached soils, plus lack of depth 
I he alluvial soils occur in the flood plains of the rivers, where the 
dnrnv!^ S rT y , ren f wed annually by flooding The potential pro- 
stonnpd <1° GS f m nC \ S * S reasonabl y 8°°d providing flooding can be 
cos rt v d r d SU ’^ b e d ™ ,na8e developed Such inputs are, of course, 
nendmJ 'T*” 1 400 - 400 ° U S dollars per hectare, de- 
fushtTe hth C f 1 a r , lensth o! *»™ge cana l s required To 
The high fcrtihtv S S f °, ^ ra,nage ’ negation is often recommended 
feiblc ! E^nlnf ? SOll j may a " undertaking 

has 30-5051 alluvial sods P ?‘ ned '? nd ,n nort hem Colombia, which 
nitrogen apphcations withV * V r shown no significant response to 
potential fo”agncXm n m d m J° r UP i° 12 years - '"dicating a high 
OF the “ Snca,hIre Production rv-thout nitrogen fertilizer 

“ 5 1 b,lho “ in the tropics (Table 6 3), over 70% 
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TABLE 6.3 

Classification of tropical land areas by rainfall 
distribution and soil characteristics ( million hectares ). 


Desert, semi-desert and dry climates 1330 

Soils rich in bases 680 

Leached soils 130 

Shallow soils 490 

Alluvial soils 30 

Wet-diy climates (4'4-7 months humid) 1020 

Soils rich in bases 220 

Leached soils 560 

Shallow soils 170 

Alluvial soils 70 

Humid summer climates (7-9'/ t months humid) 1410 

Soils rich in bases 60 

Leached soils 1120 

Shallow soils 100 

Alluvial soils 120 

Rainy climates (9Vj-12 months humid) 1190 

Soils rich in bases 30 

Leached soils 930 

Shallow soils 80 

Alluvial soils 150 

Total 4950 

Soils rich in bases 990 

Leached soils 2750 

Shallow soils 840 

Alluvial soils 370 


Source: FAO data 


falls under the classifications of leached and shallow soils. This means 
inputs of fertilizer are required to enhance the productivity of the 
major portion of the soils in the warm climates. 


Local Population 

In addition to climate and soil, and their interactions for providing 
feed supplies, population density may often dictate the approach 
undertaken. In Africa, Oceania, and South America, additional lands 
will he available for cultivation for some time to come (Table 6.-I). 
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TADLt, U 1 , 

Population (1965) in relation to current land use 


Population Potentially 

Continent (million) Total arable Cultivated 


Afnca 

310 

Asia 

1855 

Oceania 

14 

Europe 

445 

North Amenca 

255 

South Amenca 

197 

USSR 

234 

Total 

3 310 


Source FAO data 


Land (million hectares) 


3020 

730 

160 

2740 

630 

520 

820 

150 

20 

480 

170 

150 

2110 

470 

240 

1750 

680 

80 

2230 

360 

230 

13 150 

3190 

1400 


Hectares Percent 

cultivated arable 

landlperson culUcatet 


05 22 

03 83 

12 2 

04 S3 

09 51 

04 11 

10 64 

04 44 


But in Asia and Europe, the expansion of agriculture production must 
come largely from expanded yields on lands already under cultiva- 
tion 


Traditional uses of lands, transportation, and inadequacy of capi- 
tal can also limit seriously planning feed resources for livestock In 
areas where certain lands are considered communal property, Such as 
India, the attitude toward management of these resources oppose 
procedures that would enhance their contribution Usually the com 
mumty has no provision in its organizational structure to regulate 
stocking rate, thus the lands become overgrazed and eventually de- 
nuded of vegetation Estimates made by FAO show that in the area 
extending from Egypt east to India, agricultural productivity is lost 
trom 7-10 million hectares annually These lands are so overgrazed 
at the grasses completely disappear because the nomadic people 
S 5 .° n ° owm 6 same routes in their annual migration The 
sedentary cultivator may be equally wedded to the past, as he may 
* f “ COnbnUm 1 g ^ Production of a crop like sugarcane long after 

Z 111 1 " margmal and effic,enc y of production in other areas has left 
no economic incentive 

tion nS l *? p ° se ^ on an are a by distance and communica- 

part rea* Iv etd T*? ° f credlt '"^tuhons are for the most 

of these restricts ° ^ ° Ca Populace is usually very much aware 
11,058 due to ->■ «» «*“• 
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GRASSLANDS 

Two types of grasslands are generally recognized— sown and natural. 
The sown are those established by man from seeds, stolons, budded 
shoots, or any part that roots to produce new plants. The natural grass- 
lands are those produced largely by natural forces; they include a 
wide array of grass types ranging from desert grass and shrub com- 
binations to tall prairie grasses. Native or natural grasslands are cur- 
rently the major resource of a large segment of the N-S 30° latitudes. 
Within the coming decades some of these may be replaced by sown 
pastures while others, for one reason or another will remain intact. 
So recognition of the characteristics of existing natural grasslands will 
continue to be important to livestockmen. 

Davies and Skidmore (1966) have classified the natural vegetation 
by four rainfall zones: humid, subhumid, semi-arid, and arid. These 
broad groupings are of limited value, however, in classifying vegeta- 
tion for ruminants. Besides the value of grasslands cannot really be 
deduced from climatic data without also considering soils and changes 
made by man in the local ecology. Barnard (1964) points out that of all 
organisms affecting development and maintenance of grasslands, man 
has had the greatest influence— both directly, through burning to 
destroy species, and indirectly, through the management of animals. 

From the livestockman’s point of view, the acceptability or 
palatability, the consumption, the digestibility, the protein and 
mineral content, and the seasonal fluctuations in these variables are 
the primary criteria for judging vegetation. Roseveare’s two classifi- 
cation systems for Latin American grasslands (1948) appear somewhat 
more descriptive for estimations of animal use. In the first, she notes 
four types: (1) good natural grassland, having good herbage without 
extremes in quality due to season; (2) cool mountain grasslands usable 
largely in summer; (3) more or less arid grazings found in both hot and 
cold climates; and (4) savannas of hot climates that are subject alter- 
nately to dry and wet seasons. Her second system is based largely on 
the texture of the grasses. The first type includes tender or soft grasses 
that have flat, narrow, flaccid, succulent leaves. These types grow in 
fertile, moist soils or on tilled land. Some examples from Latin Amer- 
ica are Pangola grass ( Digitaria decumbens ) at low elevations and 
perennial rye grass ( Lolium perenne) in the cooler, higher altitudes. 
The second type is strong grasses, which are usually perennials hav- 
ing strong root systems and narrow, flat, subconvolute leaves. They 
are adapted to intermediate ecological conditions, that is neither very 
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moist nor very dry Among the examples given are Tndens braztU 
mnsis and Paipalm fasiculatum The third type is hard grasses, which 
have leaves so hard that animal grazing is limited They are usually 
also high in silica, which may impose further limitations for grazing 
These include Sfnpa tnhotoma and Sporobulus indicus 

Somewhat more understandable for the hvestockman are the 
zone groupings prepared by Bisschop and Groenewald (1963) from 
the data of DuToit et al (1940) for grasslands of South Africa, based 
on summer rainfall These were (1) high rainfall which produced 
open grassland pastures (Region 1), (2) lower rainfall, mixed grass- 
land and shrub pastures resulting from lower rainfall (Region 2), 
(3) subtropical thomtree and grassland pastures (Region 3), (4) Karoo- 
shrub pastures (Region 4), and (5) desert grassland pastures (Region 
5) The estimated percentages of land in each zone were 35, 22, 4, 27, 
and 12%, respectively Estimates of intake by grazing cattle based on 
samples taken at monthly intervals from each zone for two years re- 
vealed that all South African pastures composed mainly or totally of 
natural grasses were deficient in crude protein and phosphorus 
sufficient to meet the needs of grazing cattle (Table 6 5) for 5 to 9 
months of the year Estimated intakes of sodium were also below 
animal needs most of the time Although the Karoo shrub and desert 
grasslands are considered the least palatable for grazing, they pro- 
vided adequate levels of protein and phosphorus more frequently 
than did the grazing in the higher rainfall areas 

Whyte (1968) puts forth the hypothesis that there is a zone, 
stretching from western Africa through southern Asia to Malaysia and 
also northern Australia, that has numerous similarities throughout— 
e g , monsoon climate, vegetation, and characteristic farms, land use, 
cropping anil animal husbandry practices He contends that from the 
animal husbandry point of view these grasslands are somewhat of a 
snare and delusion with practically no potential for the production of 
milk Low nutritive value, coarseness, which will limit animal intake, 
an rapi maturity all work against economical dairy production 

r Ti m r SG i m lhe ,ess ,nt ensive animal husbandry in the 
lorms of beef and mutton production 

vm A^l?, <1 , 96 ?, ) , deSCnbed the natural island Pastures of north- 
!_•> nH t , , , P™ 1 ' 1 " insufficient to maintain live weight from 

prIcUcalW a,! ' ' f"? ** WU 5eas °"’ < 2 > Phosphorus deficient 

(3) energy deficient! In U »K e i PCtiall e S ° tJunn S die dry season, and 
moderate through the d^lea'on Values of standing dry feed were 
value was larccU 3°, f ' but once stom > nuns fell the energy 
* d< - stra >td by penodic wetting It was concluded 
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TABLE 6.5 

The estimated intakes of crude protein and phosphorus by grazing cattle 
( approximately 300 kg live weight) from the natural pastures in 5 regions 
of the Republic of South Africa. Values in boldface considered as adequate 
for needs of animals, all others are less than adequate. 


Month 





Pasture regions 





1 

2 

3 

4 

5 

1 

2 

3 

4 

5 


Crude protein ( gldatj ) 



PhospJt 

orus 

(gldatj) 


j 

567 

623 

584 

721 

486 

9.6 

10.3 

11.8 

13.6 

7.4 

F 

492 

612 

598 

575 

457 

8.8 

9.9 

11.5 

12.1 

8.0 

M 

451 

538 

533 

621 

504 

8.0 

8.6 

10.5 

12.2 

7.3 

A 

441 

479 

504 

639 

537 

8.0 

7.9 

9.2 

12.8 

7.6 

M 

359 

406 

445 

613 

639 

6.7 

6.0 

9.2 

11.5 

9.6 

j 

332 

387 

409 

596 

664 

6.2 

5.6 

8.9 

10.5 

9.5 

j 

331 

387 

358 

648 

646 

5.7 

5.6 

8.1 

12.3 

9.6 

A 

295 

307 

314 

604 

657 

5.3 

4.4 

7.7 

11.7 

10.8 

S 

408 

360 

336 

600 

653 

6.1 

4.0 

5.8 

10.4 

10.8 

O 

455 

421 

380 

562 

548 

7.5 

6.5 

6.8 

10.8 

9.9 

N 

606 

645 

760 

712 

537 

9.3 

8.4 

13.8 

11.8 

6.7 

D 

637 

699 

760 

699 

599 

10.6 

10.4 

13.4 

12.7 

8,4 


Source: Adapted f rom Btsschop and Croenewald. 1963 


that net annual live weight gains of cattle on this type of native pas- 
ture all year round would be 50-70 kg per head. On such grazing 
steers would not be likely to reach mature weight until 5 years of age' 
or later. *’ 

The findings of nearly all writers are in agreement with the result* 
cited from South Africa and Australia. In general, the natural gra?** 
lands of the humid, subhuinid, and semi-arid areas in Australia, AskT 
Africa, and Latin America consist principally of bunch-type gra?*.-/ 
with some fine-stemmed grasses but few, if any, legumes to a/Vl "'" 
maintaining soil fertility and enhance the protein level oft Jj e „ ... U> 
The utilization of natural grasslands is determined by |) lc . 
distribution of herbage caused by moisture availability I 
tility. 1 


NUTRITIVE VALUE 
OF TROPICAL FORACES 

Most of our knowledge of the variables influeneir y 
is derived from temperature zone research. Many ', r herbage 

„ regard 
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to the value of troptcal forages have been based on P^mate anafysrs 
(usually crude fiber and protein) Judgment of qualify “ es “" 
total digestible nutnents (TDN) are then based on tobies 0 no£) or 
lion and digestibility such as those devised by Schneider (1947 
Momson (1961) Due to the shortage of digestibility data on trop 
species, temperate zone data is often used in the tropics 

Over the last 20 years much research on temperate forages has e 
to the development of chemical methods that recognize the principal 
factors in herbage that control and limit nutritive value This researc 
has shown the inadequacy of crude fiber (CF) as a valid forage hue 
tion, and also the limitations of crude protein as an indicator of energy 
value of feeds For example, in about 30% of the forages in Momson s 
tables CF is more digestible than the nitrogen free extract (NFE), 
which is supposed to represent the available carbohydrates (Cramp- 
ton, 1938) The abnormal estimates of CF results from extraction by 
sodium hydroxide of lignin and hemicellulose of forage into NFE in 
the CF preparation (Nordfeldt et al , 1949) Another error results from 
the analysis of the fecal collection from digestion trials, where m 
digestible residues from bacteria and metabolic excretions also con- 
tnbute to NFE Since lignin and hemicellulose are the least digestible 
portions of the forage, the net result is a gross underestimate of the 
digestibility of the soluble fractions (NFE), while its amount in for- 
ages is grossly overesbmated A much broader use of the newer tech 
mques are required before we can make successful predictions of the 
utility of tropical forages for animal use 

In temperate forages the CF content vanes little with age, 
whereas there is a direct correlation between age and CF in tropical 
forages Therefore, most of the time the fiber content of tropical 
grasses is higher than that of temperate forages, while digestibility is 
less when compared at the same fiber level Furthermore, CF seems 
to be poorly correlated with nutritive value and matunty of the 
forage (Butterworth and Diaz, 1970) 

As physiological matunty of the plant proceeds, the leaf stem 
ratio v. mens and nutntive value declines particularly in the bunch 
type grasses Protein, minerals, rate of intake and digestibility decline 
progressive y, and fibrous cell wall components and lignin tend to 
”** 1 f t tage f the forages frequently provide substandard 

trrl Li phosphoms for ruminants The improved grasses used in 
rumimnk 615 "'f*' a * vei y ^ us h stages, have digestive coefficients for 
but most tv, ° ^ 0Se k est temperate zone grasses (>60%), 

zone grasses ** 4 °“ 60% ^ °PPosed to 55-75% for temperate 
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Percentage of TDN 


FIGURE 6.1 

Variation in TDN content of some warm 
climate and temperate zone grasses. 

(NCR-National Research Council 
recommended minimum % TDN for 
growth and milk production). 

The variation in percent TDN for some warm climate and tem- 
perate zone grasses is illustrated in Figure 6.1. Of the 312 samples 
of warm climate grasses, 52% were below the minimum level of TDN 
(55%) recommended by the National Research Council as needed for 
the growth of heifers and steers of more than 200 kg. In contrast, only 
4% of the 760 samples of 13 temperate zone grasses, covering all 
stages of growth, had TDN values of less than 55%. The average 
estimated percent TDN for the temperate zone grasses in the early 
stages of growth was 68.7%, at time of bloom 63.8%, and at maturity 
or seed stage 54.2%. This indicates that most temperate zone grasses 
will contain the minimum level of TDN recommended except at the 
very late stages of maturity. The percent TDN for warm climate 
grasses in the early stages of growth averaged 58.1% but at 60-90 
days growth the mean was 45.2% with some going as low as 28% 
TDN. 

The characteristic growth and development pattern for most 
tropical grasses, including the rapid rise in lignin content with ad- 
vancing age and the decline in digestibility as maturity approaches 
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makes it difficult to supply consistently high quality materials for 
gr a z i ng animals Marked seasonal changes in rainfall distribution 
further complicate the problems of practical farm management 
Seasons of high rainfall create special problems Herbage may be 
abundant during the rainy season as new shoots or seedlings develop 
rapidly The young plant is reasonably nutritious and readily con- 
sumed, but the dry matter content may be so low (<20%) that animal 
utilization, as measured by weight gains, will be poor Both ruminants 
and nonruminants grazing or fed green cut material from this type of 
herbage may lose weight the first few weeks It is thought that the 
loss in weight is a result of very low dry matter content of the forage, 
although bulk is probably the real factor which is an indirect effect 
of the water content 

The principal substances determining the nutritive value of 
forages are protein, soluble nitrogenous substances, soluble carbo- 


hydrates including starch and pectin, organic acids, and the leaf lipids 
-all of which are completely available and digestible Also important 
are lignin, cellulose, hemicellulose, and silica, which are part of the 
plant cell wall Lignin is the primary factor causing the decline in 
digestibility High environmental temperature promotes Iignifica- 
tion and depresses water soluble carbohydrates and also plant cell 
wall slightly -the latter a compensatory effect 

The crude protein content of the young herbage may be as high as 
14 W ^ lcb 1S satisfact °ry for the needs of cattle 200 kg or larger 

and sheep or goats over 30 kg’s but in the mature grasses, protein 
content may decline to 3% or less This level is suboptimal for reason- 
a y goo performance in all animals Research with grasses in the 
f Z ? ne S j g ^ ests bacterial activity in the rumen may be 
prote, , n 15 beS ™ 8 5% Others suggest a break 
mav declinf» C if nei f^ consensus IS that intake of tropical grasses 
7% {DuTnu ar / C i f Crude P ro tein percentage goes below 
trop®i B ^‘ 1 ’ ^ 40) Thus ' f«dmg value of many mature 

optimum mC " ? reStncted “^“nrptron imposed by sub- 

ro™”uce^ S 01 lhe ? men Bora Improvement m animal per- 
qu™ s a n ^cr e ?r ,ng .u UCh forag,! ' es P«-alIy “ *e dry season, re 
transpire since available s Q a , mOUnt ° f f eed lnges,ed Thls does not 
stitute feed supplies or oUie"* 0 re ‘ mitS P ' ant grOWth Th,,s Sub ' 
Ployed to maintain o h , management practices should be em- 

Nitrogerfeml^r^^.P^ 0 ™^^ by a mmals 

forages and yields markedlv S6 protem content of the 

available feed mav V>» ^ tbe hmihng factor of protem and 

Produce a fomge of h,gherdfge°shb,lity tr0gen fertlhzatlon doeS n0t 
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During the dry season a further decrease in digestibility of grasses 
may occur as a result of removal of soluble minerals, energy, and 
protein constituents from respiration to storage in the roots or loss by 
leaching and microbial fermenting. This leads to low intakes and 
digestibilities, and consequently losses in weight by grazing animals. 

It must be emphasized that there is great variation in digestibility 
of even the same species from region to region. Such differences occur 
not only because of climate and management, but also because of soil 
differences, particularly in available silicon, which affects digest- 
ibility. Some preliminary observations indicate a range as large as 
12% in the apparent digestibility of the dry matter of Pangola grass 
from three soil types (range 44-56% for whole plant) and a range of 
about 6% in the digestibility of young leaves (59-65%). 

Little forage conservation is practiced in the tropics; and while 
such conservation could provide feed for time of drought and other 
periods of feed shortage, certain limitations peculiar to the forage and 
environment should be pointed out. Haymaking may be practical 
in the drier regions of the tropics; but in most of the tropics forage 
ought to be harvested at times of high rainfall, when it has a high nutri- 
tive value, thus, the making of silage may be required as tropical for- 
age material declines in value with great rapidity. The relatively 
greater bulk, high proportion of cell wall substances, and low soluble 
carbohydrate content of tropical forage make it difficult to ensile such 
forage without spoilage. In a hot environment, protection from solar 
heat and air is essential to prevent molding and heat damage. The 
ratio of soluble carbohydrate to protein is also critical. Since tropical 
forages are lower in soluble carbohydrate, as they are when grown 
with high nitrogen fertilization, fermentation tends toward putrefac- 
tion. Thus management of ensilage requires greater attention in the 
tropics than in temperate regions. 

Despite the known problems in preserving forage, little research 
has been done to develop a suitable technology. The great danger is 
that of applying temperate zone technology without regard for the 
special problems of the region. The result is often failure, which 
poisons the tropical farmer against further innovation. 


POTENTIALS FOR 
FORAGE PRODUCTION 

The natural grasslands of the warm climates presently provide poor 
grazing for ruminants (see Figures 1.3 and 1.4). However, as already 
indicated, these grasslands must continue to be utilized. Some view 
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the lush vegetation in warm climates as a sign of vast potential for 
livestock development But others look upon the verdant grow as 
illusion and believe that all one can do is continue the exis n 
methods of allowing animals to rove over large areas of natura grass 
lands or, on small farms, continue the rotational system— e g , grow a 
crop or two, abandon the area, and then return several years a er 
after nature has restored some fertility to the soil Most agree that ro 
tional grazing on large areas in the humid tropics is difficult to app y 
and of doubtful merit Between these extremes of optimism and P eS 
simism is the realistic view that potential for improvement exists i 
several qualifying factors are taken into account— notably climate, 
soil, species, and economics which will be the final governing foe o 


in any situation 

From the standpoint of livestock production, pastures and forages 
per se are of no value unless they can be utilized effectively by am 
mals This is a contributing factor to the optimism of some agrono- 
mists Vast yields of forages have been reported but have not been 
tested through animal use Most improved grasses have been char 
actenzed by agronomic studies, such as yields and persistence, an 
short term trials used for estimating animal performance but often 
times the duration of the evaluations have been too restricted f° r 


practical use Researchers involved in animal production have been 
equally inadequate on two counts, either restricted evaluations or on 
die opposite end, little or no inputs besides placing animals on grass 
for an extended period and measuring performance essentially with 
out applying managerial skills 

Whyte (1962) has contended that it would be uneconomical to 
spread limited inputs of fertilizer or improved seed varieties ovei 
large areas of grassland He notes that the tall, rank growing grasses ol 
the tropical latitudes are not true grazing grasses inasmuch as live 
stock can utilize only a small portion of the herbage before it become 
overmature and unpalatable And due to their characteristic growtl 
Patterns these grasses make poor mixtures with legumes which ar< 
needed for balanced diets The quality of the tall grasses is also closel 
related to the length of the dry seasons Hence feared fertsl.^' 
" 0t 1 y bnng J lb ™‘ ""rch overall improve 

broad rec0n,men f S Vr™ of eeological management fo 

broad scale tmprovement and the concentration of l.nnted resource 
on selected small areas In support of thi« 

reminds us that human populaitonr- recommendatron, Whft 


aminos us mat numan population nreimroc „ . , 

crop, can be grown, no thought can be gtven' toXbttng^ 


of several years’ duration 
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Researchers in Puerto Rico (Vicente-Chandler et al., 1964) have 
advocated a complete system of intensive management practices for 
various crops and soils as essential for the full use of natural resources 
in the humid tropical areas. They admit that some tropical soils harden 
and become permanently unproductive if primitive cultivation is 
practiced. Also organic matter is important and can quickly be lost, 
nevertheless, high yields may be obtained if proper fertilization and 
soil management are applied. They argue that lack of natural fertility 
is not peculiar to tropical grasslands, nor need it necessarily deter 
development since modem agriculture does not depend upon a soil’s 
natural fertility. On the other hand, forage specialists and some animal 
production experts in Australia contend that while the recommenda- 
tions made by Puerto Rico researchers may be suitable for a small 
island and limited areas elsewhere, the high costs of fertilizer will 
not yield economic returns for large areas with restricted rainfall 
(80cm or less). In these areas, improvements in fertility and forage 
yields may best be obtained with legume-grass stands. They do con- 
cur with the Puerto Rico group in the belief that tropical pastures, 
adequately fertilized, may allow stocking rates and production as 
high as those of similarly fertilized temperate grass pastures (Mears 
et al, 1966). 

Payne (1969) reported an average of 773 days of grazing per 
hectare with improved grasses (Para, Guinea, and Napier) in the 
Philippines, and up to 3125 kg milk per hectare per annum, which is 
equal to that obtained in the temperate zones. Using milk yields of 
grazing cows as an estimate of the nutritive value of pastures in Kenya, 
Glover and Dougall (1961) concluded that their pastures were similar 
to those described by Payne and good enough to supply nutrients for 
milk production. However, they recognized that Kenya pastures 
might be satisfactory for shorter periods of time due to more rapid 
maturation of the plants in the summer months. 

Upon examination of much of the published data on consumption 
and digestibility of fresh tropical herbage, Hardison (1966) was some- 
what less optimistic. He concluded that if the tropical grasses were 
grazed rotationally at intervals of 20-30 days (and if the ability of the 
animal to graze selectively were ignored), most of the grasses ex- 
amined would supply only enough digestible cnide protein for main- 
tenance and production of about 10 kg of milk per day. However, 
researchers in Australia have claimed that milk production from tropi- 
cal portions of that country was 60% higher than the potential pre- 
dieted by Hardison. The Australians also found that energy supple* 
meats in the form of concentrates increased production, although not 
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to *e extent expected on the basis °?* e cutback 

supplement Their explanation was either that the am t 

on forage intake when offered supplement or that they jere&m g 
less energy from the forages than predicted by laboratory waly 

Many more illustrations could be cited but almost all shuhes 
indicate a reasonable degree of potential for forage developmen hr. 

tropical areas The greatest criticism at this time is the lack of 
edge about the suitability of forage species for various environments, 
the paucity of improved species, insufficient information on the long 
time usefulness of species, and the factors that may limit the use 
ness of species, such as lignin content In other words, much more 
research is necessary Nevertheless, the consensus of most researc ers 
engaged in livestock development m tropical areas is that the we 
tropics have vast potential for agricultural productivity, particular y 
animal production with ruminants, but a great deal of capital an 
managenal investment will be required before such areas are ma e 
productive 


IMPROVING THE 
PRODUCTIVITY OF GRASSLANDS 


Historically, grasslands have received less attention than cultivated 
crops While yields of grain crops have increased three- to five-fold 
m southeast Asia for example (as a result of the use of improved va- 
rieties of wheat, nee, and com, fertilizer, and weed control measures), 
the average yields of forages have increased only slightly Yet forages 
continue to supply three fourths or more of all feed units consumed by 
livestock in many areas Increased demand for grain crops for direct 
human consumption will further increase the dependence of much of 
the livestock industry on grassland crops 

There are over 3000 grasses and at least 1000 legumes native to 
the N-S 30 latitudes that might be useful as forage, either in their 
present form or in an improved form To date only a limited number of 
grasses and very few of the legumes have been evaluated for their 
usefulness with ruminants 


Improvements m forage production can be achieved m several 
ways t ) lanagement may be improved— e g , by adjusting stocking 
ra e.possi y muting the time of grazing and allowing complete rest 
S' 01 ? Seas0ns , to strengthen the stand before reintroducing 
either Kv . „ tlng ****** may be replaced with improved varieties, 
thromd/cn mg a ” d esta hhshmg a new stand or by spot replacement 
X ,T ? r SU ? aCe seed,ng in h °pes that the new variety 
entually replace the existing stand (3) The existing stand may 
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be fertilized. (4) Legume grass combinations may be used to enhance 
soil fertility, total productivity, and the quality of the forage. (This is 
a very important consideration and will be treated in a separate sec- 
tion below). (5) Improvement in both quality and quantity of forage 
may be attained by treating the perennial forage as a crop to be har- 
vested at its peak quality and stored as hay or silage. 

In considering means of improving forage production, it should 
be kept in mind that high yields of forage per unit of land can be at- 
tained only through the use of all required practices properly ex- 
ecuted with regard to their interrelationships. For instance, it would 
be unwise to fertilize pastures heavily and then not utilize them fully 
by grazing inefficiendy or by using animals heavily infested with 
internal parasites. Conversely, to use good animals and intensive 
grazing practices on low-yielding pastures would be poor economics. 
It would also be wasteful to make heavy applications of fertilizer if 
there were litde moisture or to irrigate without fertilizing. 


Requisites of Good Pasture Species 

A grass or legume intended for grazing should meet the following 
requirements. (1) It should give high yields of good quality forage. 
This implies high production during the growing season, the ability 
for rapid recovery from extremes, restricted flowering, a high leaf-to- 
stem ratio, and a high nutritive value. (2) The plant should have good 
persistence— drat is, a high tolerance to grazing, slow maturity in 
order that quality will remain good, resistance to diseases and aphid 
attacks, and the ability to regenerate from seed. (3) It is important 
that the plant have a good capacity to associate with other species in 
order that the best balance of grasses or grass-legume mixes may be 
maintained. (4) It is desirable that the species be easily propagated 
and yield rapid returns. 

Most tropical species have low seed set and readily shattering 
pods or inflorescences with nonuniformity in seed maturity. Warm, 
humid environments compound the problem of harvesting and stor- 
ing high quality seed. The scarcity of seed of good germination, 
purity, and viability is a serious deterrent to improving tropical forage 
production. Fortunately, many of the species can be propagated veg- 
etativcly (cuttings, stolons or whole plant stems), but this expands the 
risks of spreading diseases and increases labor costs, particularly for 
renovating old stands. 

In Puerto Rico, yields in green weight material 100 days after 
planting showed marked differences in development among four 
grasses —Congo, Star, Pangola, and Tanner. Three of the grasses were 
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propagated by cuttings alone, while Congo was established by both 
cuttings and seeding Star grass was the fastest grower, with 15.0W 
kg/ha. of fresh material, followed closely by Congo started from se . 
with 13,500 kg, and Tanner, with 12,800 kg These were significant y 
above Congo started from cuttings, with 9400 kg, and Pangola, wi 
7000 kg Even the two low yielding stands were acceptable when one 
considers that it takes as long as 3 years for some grass stands in north- 
ern Australia to become ready for grazing 


Improved Grasses 

Productivity of grasslands in humid areas can be increased by the use 
of improved vaneta.es of perennial grasses The following have given 
good results in vanous areas 


Penmsetum purpureum ( Elephant Grass) 

It is native to Afnca Varieties of this grass thnve from sea level to 
2500 m This is probably the most extensively used grass for green 
chopping or soilage in the tropics Napier is the most common selec- 
tion, but a large number of more productive types are available— e g » 
Merker, which gives outstanding performance, however, a selection 
(Number o36) has proven supenor to the other vaneties in Colombia 
Very high yields of forage can be obtained with nitrogen— up to 750 
tons per hectare of green matenal per year These vaneties are tall 
growing, vigorous clump grasses, hence, they are not used as ex- 
tensively as some others for grazing, although in Puerto Rico, Napier 
has been equal to or supenor to Pangola, Star, and Guinea for gains of 
growing animals and for lactatang cows As a cut grass, palatability is 
only fair to good because of the heavy stem, which cattle and sheep do 
not relish Stands of Napier will be destroyed if they are repeatedly 
cut very young Height must be 1 meter or more to maintain a good 
stand and by this tame the stem leaf rabo is high All vaneties of 
cuepnant grass have given excellent response to nitrogen and imga 


Pamcum maximum (Guinea Grass) 


perfoZw eK an0the 5 dump grass > aIso native to Africa ar 
er a wide range of altitudes Its forage productac 
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varies considerably with soil fertility, rainfall, and intensity of graz- 
ing. Guinea responds well to nitrogen, giving dry forage yields of 70 
tons or more per hectare per year. It seeds profusely but germination 
is low (2-20%). Because of this, it is frequently established vegeta- 
tively. In parts of Latin America and the Caribbean islands, it is re- 
garded as among the best for grazing; and it is considered more drought 
resistant than several others. In Puerto Rico, Guinea has been su- 
perior in digestibility to Napier, Merker, Para, and Pangola. A chinch- 
bug, Blissus leucapterus, which attacks all grasses, is especially harm- 
ful to Guinea on sandy soils during dry weather. 

A large number of types occur, with a tremendous range in habit 
of growth, height of plant, size of stem, leaf length and width, and 
harshness of leaf. The medium to taller growing varieties are most 
frequently used for improved pastures. 


Digitaria decumbens S. ( Pangola Grass ) 

Pangola, an African grass, is well adapted from sea level up to 
2000 meters but will grow up to 3000 meters. It is the most widely 
used grass in the warm climates of the Western hemisphere because 
it is good for grazing, is among the best for hay, can be used for soilage, 
tolerates periodic close grazing, and does not require mowing if 
undergrazed since the overly mature stems are easily trampled down, 
later sprouting at the nodes for regrowth. But it must have nitrogen 
otherwise it will not be very productive. Pangola is often severely 
attacked by the yellow aphid of sugarcane ( Sipha flava ). Although 
attacks occur most frequently during dry periods when forage is at a 
premium, aphids may also be a problem in wet weather. The infested 
grass almost stops growing, turns yellow to brown, and sometimes 
dies out. However, aphids can be controlled by pesticides. Pangola 
is sometimes attacked by scale insects and mealy bugs, principally 
on sandy soils, and it is subject to “stunt disease” in some areas. 


Hyparrhenia rufa (Jaragua Grass ) 

Best adapted below 1500 meters, Jaragua will grow at over 2000 
meters. It is used extensively in drier regions; it is highly productive 
until the stems elongate; it responds well to fertilization, irrigation, 
and intensive management; and it may yield up to 12 tons of high 
quality forage per hectare each 6—8 weeks under good management. 
However, it generally becomes quite stemmy and highly lignified 
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during the dry season, thus, burning is frequently practiced Cur- 
rently, this grass is widely used tn Peru and Brazil 


Cynodon plectostachyum (Giant Star Grass) 

It is endemic to East Afnca So far it has not been widely used in 
established pastures This is because the native varieties are reported 
to have a cyanide content that sometimes makes it toxic for ruminants 
Nevertheless it is grazed in certain areas of middle Afnca In Kenya 
it is grown some in leys for supplementary grazing and is used iy 
small farmers m mixed farm rotations It is reported to develop pro- 
lific stands even on rather acid soils Through selection it should e 
possible to develop varieties with a low cyanide content (Davis an 
Skidmore, 1966) Cynodon plectostachyum should not be confused 
with “Star grass” reproted by Vicente Chandler et al (1964) as being 
an excellent grass for pastures in Puerto Rico This is a variety oi 
Cynodon dactylon L commonly known as Star Bermuda grass 


Cynodon dactylon L ( Bermuda Crass) 

There are many varieties of this grass The most widespread is 
Common Bermuda grass that grows in native pastures up to 2400 
meters but it is low in productivity A number of selections as well as 
interspecific hybrids have been developed, the most common of 
which is Coastal Bermuda With nitrogen fertilizer, this variety has 
given excellent results for grazing and hay making, particularly in the 
subtropics of the U S Coastal is currently being replaced by a new 
hybrid, Coastcross 1 which has been selected for higher digestibility 
Selections of a variety indigenous to parts of Central Afnca— Star 
Bermuda-has become popular in both Australia and parts of Latin 
America It has given excellent results for grazing in Puerto Rico 
over ^9 g TDN per hectare annually) In several respects it has 
proven supenor to Pangola grass, namely yield, drought resistance 
and tolerance to heavy grazing It is also more resistant to aphids Its 
Z?w l °/ er l! IZ L er 18 g ° od and 11 seems to perform well under irn 
sinnrt^f n° Ub c hlS graSS W,U increase m popularity (In the discus- 
sion that follows Star grass refers to Cynodon dactylon L ) 


Panfcum purpurascens r. ( Para Grass) 

ditrons, withstood IS e ^ pecia ^ y wel1 adapted to wet soil con- 

witnstands flooding and is good for low elevatrons but grows 
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in elevations up to 2000 meters. Since it is a low seed producer, it 
must be established mainly by stem pieces. It yields up to 12 tons of 
dry forage per hectare each 6-8 weeks with ample soil moisture and 
medium level of soil fertility. It responds well to fertilizer and may be 
heavily grazed during the wet season, aldiough it will not withstand 
heavy grazing continuously. Para grass is seldom used for cutting be- 
cause of difficulty in harvesting from the wet areas. There are two 
main varieties, one having a heavy, coarse stem and the other a finer 
stem; the latter is much preferred by animals. Para is not as palatable 
to cattle as Star, Pangola, and some varieties of Guinea. In well 
fertilized pastures of these species, the gains of cattle have been 
nearly twice that of Para in Puerto Rico. 


Melints minutiftora ( Molasses Grass) 

Molasses grass, another African species, occurs from 900 to 2500 
meters and covers more extensive portions of hillsides between 900 



Nitrogen fertilization 
(kg nitrogen applied/ ha./year) 

figure 6.2 

Effect of nitrogen fertilization on various grasses in 
Puerto Hico. (Adapted from Vicente-Chandler et al.. 
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and 2000 meters than any other grass It persrsts in acid soils (pH ) 
and in soils low in phosphorus With favorable soil moisture an 
fertility it will yield 3 5-5 0 tons of dry forage in about 4 months when 
not overgrazed It does not respond well to applications of nitrogen 
fertilizer (Figure 6 2) nor does it withstand burning or heavy grazing, 
but it is a good seed producer Its seeds are very small, therefore, ey 
should never be covered Best results are obtained when the seeds are 
mixed with ground limestone or other diluents to assure good distn 
bution Since it is one of the best, if not the best, seed producer among 
tropical grasses and can be seeded without cover, the cost of estabhs 
ing stands is less than that for many of the other grasses In addition, 
it has goodcompatability with tropical kudzu, a prevalent legume It is 
subject to ergot, caused by a species of Clavtceps, but the infection is 
generally limited and of little importance, although it may occa- 
sionally reduce seed production Some claims have been made that 
cattle grazing molasses grass have fewer ticks than on other stands, but 
this has not yet been verified experimentally Probably the lower tick 
numbers are due to the sticky exudate from the grass, which inhibits 
movement of the ticks and clogs their respiratory passages 


Penmsetum cthare L ( Buffel Grass) 

Buffel grass is native to Africa, India, and Indonesia and is found 
widely in native pastures A selection called Blue Buffel has become 
popular in areas of western Queensland because of its drought resist- 
ant qualities Its usefulness will no doubt be relegated to semi and 
areas since the quality is very poor when planted in humid climates It 
remains green in the dry season but mature stems become wiry 


Pennxsetum clandesttnum HOCHST (Kikuyu Grass ) 

clc\aliom 1 > S | 9 m ° f , the ” 0St e «en^vely used grasses in the h.gh 
a ucst u u ‘r°? er5> 11 ' S a very Vlable grass a "d oft en becomes 

duces* ahiinrinril' 7 ‘ 1®“ " here la " d » tilled for cropping It pro- 
grasslands Kil' Seed T d a SO Floppies vegetadvely In natural 
15 Very lo ». bit with fertilizer and 
is added to the ^ l , y ‘ elds can he obtained Whenever phosphate 

contnhu,esto c4 ' clover g™ws well among the stolons and 
ontnuutes to glazing plus providing nitrogen for the grass 
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Tripsacum laxum ( Guatemala Grass) 

Guatemala grass is a tall growing, leafy perennial, which forms 
large clumps or stools but is easily uprooted by heavy grazing. It 
makes reasonably good silage or green chopping and has good drought 
resistance. But it is less productive, has a lower potential response to 
nitrogen, and is poorer in nutritive value than several varieties of 
Elephant grass. 

This listing of grasses, although by no means complete, serves as 
an illustration of some of the grasses that have been utilized with 

TABLE 6,6 

Proximate dry matter (DM), total digestible nutrients (TDN), and crude fiber 
(CP) content (in percent) of some grasses used for grazing in tropical areas. 

Proximate 

composition 

Name of DM 

Stage of 


Scientific 

Common 

growth 

DM 

TDN 

CF 

Cynodon dactylon 

Bermuda 

Immature 

19.1 

56.9 

33.3 



Mature 

26.7 

43.4 

34.9 

Cynodon plectostachyum 

Star 

23 days 

20.1 

63.8 

22.6 



60 days 

30.4 

49.4 

30.2 

Oigitarios dccumbcns 

P angola 

23 days 

20.5 

62.4 

27.4 



42 days 

33.1 

58.5 

29.3 



84 days 

30.7 

46.6 

30.0 

Hyparrhenia mfa 

Jaragua 

Immature 

29.7 

54.7 

28.9 



Mature 

35.5 

43.2 

33.7 

Mclinls minutiflora 

Molasses 

Immature 

25.6 

52.1 

39.5 



Mature 

44.8 

50.6 

42.5 

Panicum maximum 

Guinea 

Immature 

25.1 

52.3 

36.4 



Mature 

26.2 

38.2 

33.8 

Panicum purjiurascetis 

Para 

Immature 

25.4 

49.7 

34.8 



Mature 

27.6 

33.7 

35.1 

Pvnnlhctum clandcstinum 

Kikuyu 

Immature 

25.0 

69.0 

20.9 



Mature 

23.7 

53.3 

24.5 

Pennhctum ptiqiureum 

Elephant 

23 days 

20.5 

58.3 

37.3 



60 days 

21.0 

48.8 

36.4 

Tripsacum laxum 

Guatemala 

Immature 

25.3 

62.2 

35.6 



Mature 

20.3 

56.7 

36.0 
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earymg degrees of success m certain reg.ons The research on grasses 
in warm chmates is rapidly expanding One would be wise 
technical journals, and ,n particular the recent ^“t decUhe 
International Grasslands Congresses, before attempting to sele 

most suitable species for a given area /nv« total dl- 

In Table 6 6 are given the proximate dry matter (DM), 
gestible nutrients (TON), and crude fiber (CF) content of most of th 
grasses descnbed The TDN values, coupled with an estimate o 
matunty, can be employed as guidelines on the quality of torag 
available to the stock In the immature stages the nutritive va ue 
(TDN) of nearly all the grasses will exceed the 55% level recom- 
mended by NRC, but one ought to be equally aware that by the time 
growth reaches 60 days or beyond, either expanded area per animal is 
needed to permit selectivity or supplements in the form of concern 
trates are necessary for good performance 


Choosing the Forage 


From time to time the livestock producer may hear of fabulous re- 
turns someone has obtained with a forage But he should carefully 
weigh the information against his own requirements, considering 
particularly (1) intended use, (2) likeliness of adaptation to local soil 
and moisture conditions, (3) minimum water needs, (4) tolerances of 
the forage to shade or open sunlight, poor drainage, and minor ele- 
ment deficiencies, (5) extent the forage will provide ground cover to 
restrict erosion, (6) ability to withstand heavy grazing, cutting, and 
burning, (7) maintenance requirements, particularly with respect to 
competition with undesirable species, and the frequency of cutting ° r 
clipping required to maintain quality, (8) the time after establishment 
before the stand can be used, and (9) the value of the land for alterna- 
te e uses 


The topography of the land also affects the selection For instance, 
on lc\cl or gently sloping land grasses that respond to heavy fertiliza- 
tion and are adapted to cutting or to intensive grazing should be used 
n steep slopes, mixtures (eg, kudzu- molasses grass stands), which 
produce reasonably well with little fertilization, are preferred 

intended use is probably the most important consideration m 
S Inhercnl ““'messes of the forages can often be 
s truninent! * managerial skills and certain adjustments in the en 

hmiselTi ^ orages ' 3nes widely, the producer must asl 

tmsclf a number of questions (1) Is the forage to be used as a sup 
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plementary item in more permanent grazing stands? (2) Will it be 
subject to continuous grazing or needed to fit in with rotational graz- 
ing of other stands? (3) What species of livestock will be used or what 
age animals? (4) What is the expected carrying capacity (the number of 
animals that can adequately be carried per unit of land)? (5) Will the 
forage be used primarily as a source for green chopping, hay, or 
silage? From the brief description of tropical grasses, it is evident 
that the different types have different uses. Napier grass ranks me- 
dium to good for grazing and excellent in yields for green chopping, 
but would provide medium to low quality silage due to the high mois- 
ture content and be almost worthless for hay. Pangola grass, on the 
other hand, is good to excellent for grazing or hay, but only fair to 
medium for green chopping or silage, mainly because of its vegeta- 
tive characteristics, and by the time Pangola reaches a height for good 
yields by cutting, the quality is fair to poor. 


Seeding of Grasses 

Planting should be timed with moisture to insure that the stand will 
have ample opportunity to become established before being subjected 
to dry weather. Sufficient seed should be used to produce 100,000- 
200,000 seedlings per hectare in order to obtain a thick stand rapidly. 
The quantity of seed required depends largely on germination per- 
centage. For instance, 30 kg seed per hectare are recommended for 
Guinea grass since its viable germination is usually 3-5%, in con- 
trast to 12-15 kg for Molasses grass, with a germination of 80%. 

For good stands of Napier, it is best to use 3.5-4. 0 tons of mature 
stems-cuttings per hectare; for Pangola, Star, Tanner, and Congo, 
1.8-2.0 tons; and for Para, about 2.5 tons. If Guinea is to be established 
rapidly by sprigging (stems with roots), the plantings need to be at 
1 meter intervals. Stands can be developed by wider spacing but the 
time required to get a thick stand is correspondingly longer. 

In Puerto Rico, Pangola grass has been established successfully 
by plowing cleared land only once, dropping 4 to 6 stems continu- 
ously in every other farrow, and relying on the next farrow slice to 
partly cover them. For other plantings, particularly involving the 
change from a grass stand like Para to those like Pangola, Congo, or 
Star, several plowings and even spraying with herbicides may be 
required. It may take 6 months to get a stand of one of these grasses 
established in an old Para grass stand, whereas the time may be one- 
half that when the land is converted from cropping to grass. Due to so 
many intangibles, it is virtually impossible to provide guidelines on 
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cost of establishing stands If the material for cuttings is on onadjaeent 
field and the land is relatively clear, the cost per hectoe including 
fertilizer and herbicides, may be as low as one hundred U 
per hectare, but if the land must be cleared of trees and brush and 
drainage installed, the cost may reach several thousand dollar P 
hectare 


Use of Fertilizer 

Improved grass varieties with high genetic potential demand greater 
sophistication m production Much of the value of improved grasses 
can be lost through poor stands, low soil fertility, and wasteful man- 
agement 

Varieties with high yield potential are characterized by their 
ability to utilize the elements of the environment most efficiently to 
produce abundant growth Fertilizer, particularly nitrogen, is one or 
the most potent means of improving productivity of grasslands Most 
grasses respond dramatically to nitrogen fertilization in the presence 
of adequate levels of phosphorus and potash When legumes are 
present in the stand, nitrogen requirements decrease, but higher 
levels of phosphorus and potash are required and must be applied if 
the soils do not possess adequate amounts A large number of experi- 
ments have clearly shown increases in the yields of forage dry matter 
and animal products resulting from application of nitrogen fertilizers 
Higher protein content of the forages also usually accompanies in- 
creased yields In spite of these excellent results, probably no more 
than 1-2% of the forage acreage in the warm climates is fertilized and 
a much smaller fraction of that is fertilized adequately A decision by 
the operator to use fertilizer is based largely on economic factors, 
including availability of capital and demands of competing crops 
Few of the soils of Puerto Rico have been found capable of much 
forage production without fertilization Unfertilized, volunteer forage 
yields only 5000 kg/ha and unfertilized Napier, 8000 kg/ha, but well 
fertilized Napier gives yields up to 31,000 kg/ha These findings have 
e o experiments with different applications of nitrogen The results 
trials with various grasses are shown in Figure 6 2 The yields of 

WutJ * SSt and Para grasses ceased sharply with nitrogen 

h.ir v, W v g * nSmg at a Sl ° Wer rate U P to 900 whlle * 056 ° f 
ulto fion i d, " g t aP ' er graSS mcreascd rap.dly with nitrogen levels 

nS£££™. Per , : heC ‘T annU!llly grass did not respond to 

1 224 kg In dry forage produced per kg 
is grass decreased sharply with increasing nitrogen 
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rates. It was found that about 50% of the nitrogen applied at rates of 
450-900 kg/ha was removed by the four highest yielding grasses. The 
grasses responded much more rapidly to nitrogen application during 
the season of fast growth than during the drier, cooler season of slow 
growth. The protein content of the forages, on the other hand, was 
considerably higher during the seasons of slow growth. 

In the Puerto Rico experiments, less nitrogen was required to 
produce a given yield if the harvest interval was increased, but more 
nitrogen was required to maintain the desirable protein content in the 
forage when a longer harvest interval was used (60-90 days). It took 
900 kg of nitrogen to produce 28,000 kg of dry forage using a 40-day 
harvest interval, compared to only 336 kg with a 60-day interval, and 
112 kg with a 90-day interval. With a 40-day harvest interval, 450 kg 
of nitrogen was required to produce forage with 10% crude protein 
content; whereas, 900 kg was required if the grass was cut every 60 
days and more than 1800 kg if the grass was cut every 90 days. Figure 
6.3 shows that both the proportion of leaf, and the protein content 
decreased with length of harvest interval. In contrast, the dry matter 
and lignin percentages increased. This further illustrates the desira- 
bility of harvesting grasses at short intervals to obtain maximum qual- 
ity forage, particularly if heavy applications of fertilizer are used. 

Numerous other experiences with applications of nitrogen are re- 
ported in many technical journals from countries in Latin America, 
Australia, and Africa. They all show the importance of classifying and 
choosing tropical grasses on the basis of their response to nitrogen. 
At low levels of nitrogen, such as in grass-legume mixes, the yields of 
most grasses are about the same; however, at higher nitrogen levels 
grasses demonstrate marked differences in yield. 

In areas of Latin America where applications of phosphorus have 
been tested, there has not been much response, as measured by in- 
creased phosphorus content in the grasses. Applications to the land 
apparently do not become readily available to the grazing animals 
through the forage. In Colombia, for example, it was found that sup- 
plements of phosphorus given directly to the animals doubled die 
gains on grasses as compared to applications to the land. 

Usually in humid areas there are small reserves of calcium in die 
soils. But under intensive crop production these reserves are rapidly 
depleted and acidity increases. Thus, with die application of nitrogen, 
liming must be considered in die overall fertilizer program. 

The optimum quantity of fertilizer to apply to forages depends 
on many factors. More fertilizer can be used profitably as land values 
increase. But when land is cheap and not too poor in fertility, it is 
frequently economically feasible to utilize more land, widi managed 
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Harvest intervals (days) 


ncuwi 6 .3 

Effect of harvest interval on composition of Pangola, Guinea, and Napier 
grasses in Puerto Rico (Adapted from Vmcente-Chandler et al , 1964) 


stocking rates and no fertilizer It may sometimes be wise to fertilize 
only a portion of land for growing forages to be harvested or grazed 
intensively, rather than to attempt to fertilize large areas However, 
eavy nitrogen fertilization may be warranted when protein concen- 
expensive and it is necessary to rely on forages as the main 
soil should heavy fertilization is employed, samples of 

»um*d„ Pen0d,ca ">' “ “ -"crease mmtrogen or potas- 

fol™ re ' luircmenls for the other nutrients about three- 

amounts of fertih-, 1 * , n ° ^ lst f lnct ^ry season, equal applications of 

cessful — the hishc^the'h^ 0 tHnt " S “ yCar have P roven most SUC_ 

tin»ig t , c mo , a- ve f °f nitrogen, the more several appbea- 

Riv most effective use. Where there ts a d.sbnct dry season and 
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no irrigation, one application of fertilizer (500-700 kg/ha) near the end 
of the rainy season is best. This will stimulate plant growth and 
thereby provide more grazing during the dry season. It has proven 
more satisfactory than a single application early in the dry season or 
split applications in early and late wet season. Of course, the most 
satisfactory amount and frequency of application of fertilizer depends 
upon the intended use of the forage, the seasonal changes, and the 
natural soil fertility. 

From the experimental evidence to date, it seems wise to invest 
inputs to intensify forage production in the humid tropics. However, 
because of other physical factors involved, arguments could be de- 
veloped both pro and con. Perhaps an intermediate attitude is most 
logical, meaning in some instances heavy fertilization will be feasible 
and others not, at least for the foreseeable future. 

An illustration of how inputs of fertilizer and other systems of 
management influence performance of cattle can be drawn from the 
more than 12 years of experiments with dairy and beef herds in a sub- 
tropical area, Iberia Livestock Experiment Station in Louisiana. The 
initial feeding program for the dairy herd consisted of permanent 
pastures, mainly of grasses, except for early spring when there was 
some clover for grazing. Young stock and dry cows received grazing 
alone, while the lactating cows were fed some silage and locally pro- 
duced hay plus concentrates according to milk yield. The pastures 
were fertilized with 200 kg of balanced fertilizer and top dressed with 
50 kg of nitrogen once per year, with renovation at approximately 4 
year intervals. Under this regime the growth rate of heifers for herd 
replacements was substandard and the milk yield per lactation low for 
Holsteins (Table 6.7). With improvement in quality and quantity of 
roughages, average milk yield per cow increased over 100%. Although 
the dry-lot regime required a high level of inputs, including about 3 
times more fertilizer, this proved least expensive in terms of Meal 
energy per kg of milk produced and gave the highest dollar return 
over feed costs. 

The initial program for beef production at the Louisiana station 
was to utilize native grass pastures throughout the year for cows and 
calves. The pastures received a single application of fertilizer an- 
nually, similar to the program for the daily herd. Cows were bred to 
calve January-March, when native grass pastures were generally 
poor. Under this regime annual calf crops ranged from 60-67%. The 
first improvement was to remove surplus pasture of early summer as 
hay or silage which was utilized for supplementary winter feeding. 
After removal of the cut grass 50 kg of nitrogen was applied per 
hectare. The use of silage to supplement the pastures increased calf 
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TABLE 6 7 

Annual average mid yields for llolsicm Coils in the 
Gulf Coast area of Louisiana tinder tarious feeding 
regimes (65-104 cou. slf ceding regime) 


IjJlactation 

Pasture* and concentrates* 

3-165 

Pasture + supplemental grazing* (summer) 
and concentrates 

4 M3 

Pasture + supplemental grazing* (summer and 
winter) and toncentrites 

4815 

Pasture + supplemental grazing, silage and 
concentrates 

5148 

Supplemental grazing, silage and 
concentrates 

6038 

Dry lot with stored feeding of sdage 
ad lib + 2 2 kg hay/day and concentrates 

7119 


Concentnwt f«l ,t r.u of 1 lyjy lg „{ m ,|i 0.rouiWt 
P JSST" - «”»• Pl-« l» ppti « 


crops to about 72%, with lower calf losses The next stage provided 
tor part of the land being planted to com or sorghum for silage, which 
mf , f °r r SUp £ le ?f nta ry feeding ,n the late stages of pregnancy 
sand, ^ part Station The nutritive value of tlie com and 
increase m df eS Wete , than for the grass silage, thus a further 

portion ofc ,,~ C ^ Cr ? p as wc W as an increase in both the pro- 

gave the hiehest and Ac wcamn S weights The latter regime 

gave me nighest economic returns 

proved pastme? 11 ^ 611 !! 5 ’ aS j VC ^ numerous others, indicate that im- 
needed for satisfactory? ^ 'j** fertl * lzer P* us management, are 
stock supplementation^!??' r ? duCtlv , e P erf °r™ance and for growing 
only be attempted on * S ° f Vldent that da *ry production should 
mproved pastures m the humid subtropics 


Legumes for Pastures 


grazing has been nract,rarl"r„ (he i natural grasslands but where heavy 
IS generally low Legumes hj, * ° ng whlle > ^e proportion of legumes 
resources, largely because of th , potentia l for enhancing grazing 
eir ability to provide a source of nitro- 
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TABU. 68 

Animal jtrtforniaru* vn 7*i unHiUc lut*rw«‘- fc fa*t * * UilfulW 



1 itr u rlfcM *.*11 

n. ib. Ul) 

Type {loilurc 

i .*>2 U J 

l /»W>I 

Nit he i,t4ttet 


z\ 

Native 4-TuHimiUeluirnic 

118 

M 

Native + sup* rptiotplulc 

87 

W 

Native + tuper + T L 

-ny 

101 


S*w«* Sl<« \SA 


among grazing ruminants Also, most legumes in their indigenous 
form do not possess the* characters required to m ike* them successful 
pasture plants Some, hVe suhterranean clover, art* insignificant in 
their country of origin but arc quite* useful in other areas Hcsearth an 
legumes is at present nudequ ite* to re sols e* the* question of the ir value 
m ' san11 climates However, several legumes have* already hccii 
utilized with varying degrees of success Both suhterrmeMii clover 
and Townsville lucerne have performed well in Australia *lhc> grow 
satisfactorily on poor, acid soils, show a tnlcrmee for aluminum cs- 
cess, and respond to superphosphate applications in the presence of 
mo ybdenum Unlike subterranean clover. Townsville* lucerne grows 
well on sods low m phosphonis due to the unique* ihility of its roots 
" :rV h,S c . lcm ?,' fro '" soutct ' s *l*-ficitnl In it rh«e two IcRuiue* 
z'nn'r, S f, d y,UJ \ a '° «"“ y «> «Ubllsh, show gnod tolerance to 
SSSMJr* '"‘ Kjtra,c 1 ,' u K ' KMl Palatahdily In northern Aus- 
<hy seal™ up Z OW,ls ' , !! e 1 . uc <-'»>* seed f tom the itr.mnd In the 
(lleteiononon r^i owasvd * e hrttmc war sown Into Spear gnrri 

nis for summer ’' ,wo 1 I>luSU P“*“« «•“ proudcd-Spear 

Sy Winter •‘" J To ' v » s '“l« lucerne for autumn and 

w,th 1 7„3^XlJ“ W r.‘" e . lu<:, -- n > c native pasture. along 
phate, increased carTv^ ° °° °f rnolybdenized superphos- 

two. gale gr^erhv? Zi^ P!K .“ y tnm ° n<! animaI 
turnover or stock (marketing Tlo ht ’ aJ ( “, P n ' xr ° lli) - ** nd “ u,cU ' r 
grass pasture. Table 6 8) Th i° “ >CarS carllcr llun on Pure native 
Ocularly with the mixture nlul In , animal Pcrfonnance, par- 

increased length of feeA.no !! superphosphate, was attributed to the 
(50-55% digestible) as well 7*^ tllL ‘ P J ki lability of the lucerne 

through the dry season cru de protein content of 8-9*% 
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Dolichos uniflorus 

When mixed with native grasses, Dolichos uniflorus also shows 
promise. It is a vigorous, twinning, herbaceous annual, which sets a 
heavy crop of medium sized seed of good quality and maintains a 
high feeding value through the dry season. In a trial in northern 
Australia, during 13 weeks of the dry season, steers gained 60 kg per 
head, while cattle on native pasture at this time were losing weight 
rapidly. The major drawback of this species, as a component of 
permanent pasture, is lack of seededness; but plant breeders should 
be able to over come this fault. 


Trifolium alexandrium (Berseem Clover) 

Berseem clover is the most widely used legume in northern Africa 
and southeast Asia. An annual, it nevertheless produces well and has a 
high crude protein content (12-20%) and good digestibility (up to 
68%). There are many published reports from Egypt and India on the 
value of this crop for feed of buffaloes, cattle, sheep and goats. Its 
chief disadvantages are the need for reseeding annually, high water 
requirements, and cessation of growth with the onset of hot weather. 
These characteristics restrict it to a forage resource in a limited season 
(December-May), nevertheless it can provide an excellent supply of 
feed when little else is available in many areas. 


Trifolium incarnatum ( Crimson Clover) and 
Trifolium repens ( Louisiana White 
Dutch Clover) 

Crimson clover and Louisiana White Dutch both thrive well in 
the subtropics. Their germination is fair to good. But they require 
cool weather and high moisture, and consequently they are at their 
best when grasses are also likely to be reasonably good. Hence, they 
do not help in the dry season when the needs of grazing animals ore 
most critical. 


Dolichos axcillaris 

A perennial species, Dolichos axcillaris has distinct promise 
for areas of the wet-dry tropics. It has excellent drought resistance 
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and will persist under grazing in 76 cm rainfall areas 11 
3000 kg of dry matter per hectare, with l-% protein 
excellent digestibility (50-60%) 


Medicago sativa ( Alfalfa ) 

Alfalfa has been tned m numerous areas of the tropics At higher 
elevations {>1500 meters) it has done reasonably well as a hay crop, 
but stands are short lived due to leaf and crown diseases and compe 
tition from grasses There are some varieties indigenous to tropical 
areas, but research on potential development of these has been very 
limited Recently there has been a strain developed in Peru t a 
is performing much better than other varieties in both lowlan s 
(<1000 m) and highlands (up to 4000 m) 


Leucaena leucocephala 

The leguminous tree Leucaena leucocephala, is indigenous to 
Central America but it has become widely grown in Australia, Hawaii, 
Philippines, Jamaica, New Guinea, and other humid tropical areas 
Because of its small leaves, which restrict air movement very little, 
it makes almost the ideal shade for animals It has been used quite 
successfully in Jamaica by planting at 20 in intervals in Pangola 
pastures to serve as a means of protecting the animals from solar heat 
dunng the day and to provide a source of nitrogen However, it de- 
velops beyond the reach of animals, which limits its use for grazing 


Kapok Bush and Karoo Shrubs 

The use of kapok bush in Western Australia and Hawaii and karoo 
shrubs in South Africa suggests that more attention might well be 
given to plants other than grasses and legumes -especially shrubs 
ana browse plants, as opposed to softer, less stemmy types such as 


Pueraria phaseoloides ( Tropical Kudzu) 


tions t * le . * egume most widely tested at low elev 

(<3,000 m) in the Americas, but its use has been limited 
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does best as a forage when grown in association with an adapted grass, 
such as Molasses, Para, Guinea, or Napier; but it does not do well with 
Bermuda, Pangola, or Star grasses. Tropical Kudzu has much higher 
protein, calcium, and phosphorus contents than the grasses. Although 
it may grow profusely and provide excellent quality feed, it does not 
withstand heavy grazing, does not do well in areas with extended dry 
periods, and creates serious handling difficulties when attempts are 
made to cut it for hay. However, it is easy to establish from seed, has 
no major pests, and is very aggressive in choking out most weeds. 
The seed should be soaked in water for 24 hours before planting to 
accelerate germination. The seeds do not need covering, but inocula- 
tion before planting is recommended. About 6 kg of 80% viable seed 
are recommended per hectare. Some nitrogen and phosphate should 
be applied at time of seeding. 


Centrosema pubescens ( Centrosema ) 

Centrosema is a low growing, trailing, leafy perennial that is 
easily established from seed, regenerates freely, and smothers weeds. 
It has a crude protein content of 16-19% of dry matter and grows 
very well in association with a number of grasses — e.g., Molasses, 
Guinea, Napier, Star, and Para. When planted with grasses, 2-3 kg 
of seed are needed per hectare. Because of its tendency to trail along 
the ground in a pure stand, it gives better results for grazing in a mixed 
stand. In Nigeria, pastures of Centrosema plus Star grass raised live 
weight gains of cattle 21% during the wet season and 50% during 
the dry season, over gains from grass alone. Similar experiences 
have been reported in the Philippines with pastures of Centrosema 
and Para grass. 


Stylosantlies gracilis 

If consumed by livestock before flowering, Stylosanthes has 
a nutritive value comparable to alfalfa. A persistent, highly drought- 
resistant perennial, it grows in association with Molasses, Guinea, 
and Para grasses, and will grow where lucerne will not grow. How- 
ever, it is inclined to be woody and does not withstand trampling. 
It is a popular pasture legume in Hawaii, Kenya, and Uganda. But 
because it does not graze as well as desired in most areas, it might 
serve better as a protein supplement in a dehydrated form. 



202 FEED SUPPLIES 

Potential for Legumes 


There are a large number of legume species m<l.genous i to .Sou* 
America. but these appear in the pastures quite erratically 


Amenca, but these appear in me ■ '* „'„,i hactena for 

: necessarily provide the required bacte 


native legumes do not iiect»a«u*»7 * Cll|t _ 

s generally thought The findings m Australia sug 


nitrogen fixation, as genc»«*»y ,.„«PiiHnts 

gest that most could be improved through the use of be «er noc“b 


mosituuiu UC uu^iu.w O - 1 tn „„ n . 

Thus the cultunng of tropical legumes should be reevaluated m 


uitunng oi uuiuvdi « , , , , n eV 

ous micro-environments It may be that bacteriology o 
to success of tropical legumes The supply of calcium innuenc 
formation and functioning of nodules, but research in Australia s 
that bactena are not calcium sensitive They require calcium in 
amounts only, although the host legume plants require quantities 
this element Tropical legumes seem capable of obtaining calciu 
from acid soils, in contrast to temperate zone legumes They are a so 
more tolerant of soluble aluminum and manganese m acid soils t an 
temperate legumes Investigations m Australia showed that o er 
elements, such as sulphur and cobalt may be influencing factors, 
but such information is not available for most other tropical areas 
The specificity of bactena host legume relationship appears 
important In both Colombia and Australia, the legume Lotononis 
batnesn grew only to about 15 cm without flounshing until a strain 
of Rhtzobium found among introductions from Afnca proved to be 
specific and efficient in symbiotic nitrogen fixation With a satis- 
factory inoculant, this legume is becoming of commercial significance 
in Australia 

To establish a grass-legume pasture, preparation of a clean seed- 
bed is recommended The degree of preparation will depend upon 
the nature of the stand being replaced, but at least 80% of the competi- 
tion should be removed This means that m vigorous grass stands, 
ploughing is required Lighter seedbed preparation will suffice m 
weaker grass stands Occasionally, herbicides may be used to sup- 
press competition from the existing stand to get the legume started 
This procedure has the advantage of reducing the risks of erosion, 
conserving moisture, and costing less than ploughing When Molasses 
grass is seeded together with a legume, such as Kudzu, it is best to 
alternate the rows or holes so that the faster growing grass does not 


compete with the slower growing legume With Napier and Para, 


grass stems should be laid in furrows and completely covered with 
cm o irt In these plantings, Kudzu may be broadcast or seeded 
in alternate rows 


Dn^ bCSt HT f ° r plantmg ls af >cr the rainy season has begun 
Unll sowing of lime pelleted, inoculated seed m contact with ferh- 
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lizer has given best results in Australia. Broadcast sowing on rough 
lands has also been successful. At the time of sowing an application of 
phosphorus is recommended. 

There is no cure-all for the problems of forage production in the 
warm climates. In the humid, subhumid, and semi-arid areas of the 
tropics and subtropics, where native grasses usually provide sub- 
marginal feed supplies, the incorporation of legumes— together with 
better management— can produce significant improvements. In other 
areas, particularly the humid regions, replacement of the native grass 
by an improved variety is most successful. With respect to total yield 
and carrying capacity, highly fertilized grasses give best yields, but 
this approach is limited by economics. Thus, there is no panacea for 
forage production in the tropics. There are tremendous potentials but 
the best solution rests with many factors. It should be kept in mind 
that most livestock have the capability of storing body reserves of fat, 
which may be used in times of low energy intake but their capacity 
for building reserves of protein is very restricted. To obtain satisfac- 
tory performance a constant source of protein is required from young 
grasses, legume-grass combinations or direct supplementation from 
other sources, such as concentrates made from oil seeds. The most 
feasible source will depend largely upon the individual farm situa- 
tion. It should also be borne in mind that the methods of establishing 
pastures must be varied to suit particular conditions on the farms. This 
may or may not mean that incorporation of legumes is warranted. 


IMPROVING OF 
SEMI-ARID GRASSLANDS 

The principal semi-arid grasslands of the warm climates lie in two 
regions of Africa (0-15°N latitude and 10-30°S latitude), some in the 
Saudi Arabian peninsula, in the Indian subcontinent between 
10-20°N, in the eastern and northern portions of Australia from 
18-30“S, and in relatively small areas in Mexico, Colombia and Brazil. 
For the most part these areas are distant from the major centers of 
population, hence their use has largely been for grazing of sheep or 
cattle. Research on methodology of the best means of utilization of 
these grasslands is very limited. Present recommendations are based 
principally on studies in the western U.S. and northern Australia. 

Currently, the consensus is that improving the productivity of 
the semi-arid grasslands involves arresting deterioration, as illustrated 
in Figure 6.4, and reversing some of the traditional views on manage- 
ment. The restoration process is often painfully slow unless certain 
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Semi and area in the northern portion of South Afnca. Grass has almost 
disappeared leaving only thorny brush (Courtesy J C Bonsma Umvcrsi y 
Pretona) 


treatments are applied-eg, control of brush, seeding of depleted 
areas, and deferred grazing Because of the relatively low poten > a 
for forage production in most rangelands of the semi arid zones, eco- 
nomic inputs directed toward improvement must also be rather o' 
except where multiple use considerations justify additional inpu 
Seeding probably offers the greatest opportunity for improving 
productivity in semi and areas This practice has been utilized to a 
considerable extent, especially in more favorable environments 
Most seeding has been accomplished with introduced species or 
native ecto types, as yet few improved varieties have been developed 
Usually seeding must be preceded by a treatment to remove the 
existing vegetation This may involve tilling or removal by hand If the 
cover is largely bush, it can be removed by dragging a heavy chain 
suspended between two tractors over it Herbicides or fire may also 
be employed to reduce competition The most successful seeding 
method has been drilling at the time of most advantageous soil 
moisture and temperature 

Areas unsuited to seeding necessitate different approaches, such 
as brush contro 1 earned out by spraying or vanous types of grazing, 
followed by slow natural restoration of more productive stands But 
deterred and rotational grazing have proven successful in many areas 
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and may be especially effective if deferment coincides with certain 
critical periods in the growth cycles of the more desirable plants. 
Placement of water and salt for livestock, by assuring better distri- 
bution of grazing animals, can often relieve severe grazing pressures. 
Grazing practices such as these should follow reseeding. 

Fertilizers have been utilized on a few of the better range sites 
in die U.S., Mexico, Brazil and Kenya, but soil moisture usually 
limits the rates that are economically feasible to rather moderate 
levels. Australian researchers oppose the use of fertilizer. They 
recommend the legume, Townsville lucerne, be planted on at least 
portions of each farm. This procedure has the advantage of improving 
die grass by making more nitrogen available and extending the graz- 
ing season. After the grass is dry and low in palatability, the cattle 
and sheep feed on the lucerne plant and consume the seeds. 

Bonsma and Joubert (1957) identified the semi-arid lands of 
South Africa and made recommendations on size of farm, best species 
for various areas and management practices for these lands. The 
Bonsma-Joubert proposal has become the basis of governmental 
programs on livestock production, rules for stocking rates and pro- 
ducer incentive programs. 

Because of the low economic value of the semi-arid lands, the 
amount of attention directed to methods of improving productivity 
from these lands will continue on a very modest base. Nevertheless, 
the few experiences of attempts to increase the productivity of these 
lands are encouraging and indicate worthiness of further investiga- 
tion, especially in central Africa. 


PROSPECTS FOR LIVESTOCK FEEDING 
IN THE WET-DRY CLIMATES 

The wet-dry areas have alternating wet and dry seasons. They are 
transitional between the rainy and monsoon tropics on the one hand 
and the semi-arid climates on the other. In these areas, there is a dis- 
tinct dry period of 5 or more months. The principal areas having this 
kind of rainfall distribution are in western Central America, north- 
western South America, the interior uplands of Brazil and adjacent 
countries (0-21°S latitude), south-central and eastern Africa ranging 
from to 2PS latitudes, western Madagascar, most all of India and 
southeast Asia, and the northernmost portion of Australia. 

According to Whyte (1968) and others, the prospects of livestock 
production in the wet-dry areas from grazing are poorer than for the 
semi-arid grasslands. In Australia, Africa and the western hemisphere. 
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the major vegetatron cons.sts of what 

grasses They grow rapidly and produce rather high y i ue 

Se onset of the ra.ny season At the best stage the.r numt.vc^lue 
,s medium to low hut when they become mature the nutritive value 
very low Cattle or sheep on tins hind of grazing will make mod 
gains for 4-6 months of the year as illustrated in Figure 14 
have high losses in weight for 3-5 months Thus annual net gains P 
head for adult cattle range from 25-50 kg Usually it is not econo 
ically feasible to apply fertilizers and the cost of replacing t c 
growing grasses is high, hence there is a dilemma on means ior in 
proving animal output Another deterrent contributing to the dilemma 
is that the grass stands are generally in areas of high tick, infestation 
that transmit numerous diseases ^ r 

Preliminary results from tests in Colombia indicate that some o 
the natural grasslands can be partially or even wholly replace >y 
Molasses grass The Molasses grass seeds are broadcast at the end o 
the dry season when the grasses are dead Apparently there is enoug 
dew formed under the dead grass to help get the Molasses grass 
started so it can compete with the native grasses Molasses grass is 
not deemed satisfactory where fertilizer is applied but its tolerance to 
acid soils and low fertility and its reasonably good nutntive value 
constitute an improvement in Colombia 

For the wet dry region of Australia, it is recommended that a por 
tion of the native grass stands on each farm be replaced with some im 
proved species of grass or a grass-legume mixture Generally it is too 
costly to replace the native grasslands on the entire farm But it > s 
felt that some improved pasture is worth the investment as it has been 
shown that both calf crop and breeding efficiency of cow herds can 
be increased by using limited areas of improved pastures as a suppl e " 
ment for the natural grazing (Norman and Stewart, 1964) 

In the Congo, it has been found profitable to plow up the stands 
of native grasses and replace them with Guinea grass, Brachtana 
ruztziensts, or one of the improved varieties of Congo grass (Junon 
and Henry, 1969) Similar procedures are being tested in Kenya, 
especially around Lake Victoria 

Although results from test areas appear encouraging for obtain- 
ing better yields of forage and forage of higher quality, some waters, 
including Bisschop and Groenewald (1963), contend that man’s ac- 
T?*, T Son for P° or f orage yields in Africa, south of the 
ITZ ,u y h °! d that llvestock Wing in a large portion of Afnca 
v one or more three phase cycles over the past 100 

I* 1 ?* ^ roenewal d start their cycle following a serious 
ou reak In the first phase the impact of the endemic or epi- 
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demic disease causing the high losses of stock has run its course or 
the disease has been brought under control by vaccination or other 
measures. While the livestock numbers are lower following the dis- 
ease outbreak, the grasslands have an opportunity to recover. In the 
second phase, the animal population flourishes from the better feed 
supplies and because the threat of disease remains low as a result of 
acquired immunity or the use of control measures. Gradually animal 
numbers increase beyond the satisfactory capacity of the grasslands. 
In the third phase, the consequences of overstocking are experienced: 
soil fertility and productivity decline and problems of animal health 
increase. These conditions lead to termination of a cycle. Obviously 
tile cycles will repeat unless broken through introduction of balanced 
fanning. This constitutes livestock farmers adopting practices of pas- 
ture management and renovation of grazing by such means as dis- 
cussed above. Bonsma and Joubert (1957) hold much the same views 
about the needs for balanced farming to enhance livestock develop- 
ment in South Africa. 

The report by Rattray (1960) and the accompanying map are ex- 
cellent references on the grasslands of Africa. Jurion and Henry 
(1969) have compiled data from many experimental trials conducted 
in Africa dealing with tests on the productivity of various grasses and 
methods for establishing stands of grasses. These two references can 
be used as guides not only in the field of grassland management but 
also in the wider realms of land use generally, especially for central 
Africa. 

Much of India falls into the wet-dry tropical classification but the 
problems of bringing about change are quite different from those in 
the other regions where there is land available that can be used for 
forage production. In India the pressures on land for the production 
of food for humans and for maintaining cattle and buffaloes for agri- 
cultural power take priority over production of forages for milk or 
wool. Ray (1963) describes the present situation on feed problems by 
dividing India into three broad zones. These are depicted in Figure 
6.5. Rainfall distribution and soil characteristics are the main govern- 
ing factors for the major crop of each region. The paddy regions have 
rainfall of about 127 cm, but the soil is deficient in nitrogen, organic 
matter, and phosphorus. The millet region is intermediate in rain- 
fall (75-125 cm) and has better soil than the paddy region. The wheat 
region is lowest in rainfall. The soil is low in nitrogen and organic 
matter but generally adequate in calcium and phosphorus. 

In the paddy region, practically all the usable land is devoted to 
the production of food for human and cash crops; thus cattle and buf- 
faloes exist primarily on plant by-products such as straws, brans, husks 



208 


FEED SUPPLIES 



FIGURE 6 5 

Some Factors limiting feed supplies for livestock 
in India according to the major agriculture crop 
of the regions The Paddy region has 127 cm 
ram with the soil deficient in nitrogen and 
phosphorus and low in organic matter The 
average milk yield is 0 8 kg/day/cow and 1 5 
kg/day for buffaloes The Millet region has 
75-125 cm rain with soils better than in the 
Paddy region Milk yield is higher too 1 8 kg/day 
for cows and 2 8 kg/day for buffaloes The Wheat 
region has <75 cm rain with soil low in nitrogen 
and organic matter but generally adequate in 
calcium and phosphorus The average daily milk 
yield is 2 3 kg for cows and 4 1 kg for buffaloes 
(Adapted from Ray. 1963) 


and oil cakes The mam source of green fodder, very little of which is 
cultivated, is grazing and weeds or grasses cut from the fields in the 
wet season In the millet region, straws are the principal roughage 
bince there is less pressure on the land, the cattle and buffaloes get 
some supplementary feeding Wheat straw is the main source of feed 
*" f , l eat . re j* 0n but Wlt ^ more irrigation facilities a sizeable seg- 
ment of the land in this region is used for fodder crops 

n,n„ ( lr U r UIldered ’ by and lar S e cattle and buffaloes get greater 
quantities of nutrients in the wheat zone than m the other two zones 
un er ee ing of protein is the most serious problem The crude 
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protein content of India’s natural grasses is about 11% in August (end 
or near end of the monsoon season), but falls to 5% in October (dry 
season). The nutritive value further diminishes through the winter 
until the rain begins in May or June. 

Ray estimates that the number of adult bovines per hectare of 
cultivated fodder crops in the three zones are 125, 50 and 7, respec- 
tively. These high animal densities, coupled with high human num- 
bers, means India will be unable to develop grazing lands to alleviate 
the fodder shortage. But with the expanded use of new varieties of 
cereal grains, the prospects of incorporating more forage production 
into crop rotations seem good. Research along these lines is under 
way. 


MIXED GRAZING AND CROPPING 

The integration of grazing with nut, oil, or fruit crops is being advo- 
cated as a profitable system of grazing management. This has been 
practiced for a long time in the coastal regions of many tropical areas, 
where cattle grazing has been combined with coconut production. 
The purpose is twofold: control of weeds and higher total return per 
unit of land. A number of successful enterprises are underway. In the 
Philippines, and elsewhere, coconut stands are being seeded with 
improved grasses to increase yields. Stands seeded with Para grass 
and fertilized will easily carry one animal per hectare. New stands of 
coconut trees are being planted at 10 m 2 intervals to allow sufficient 
light for grass. Coconut trees provide an almost ideal environment 
for cattle production in coastal areas because the trees always move 
with the air currents to reduce animal heat load. To make the coconut- 
grass program feasible, however, there must be adequate rainfall — at 
least 180 cm per year— and addition of fertilizer. The use of grazing 
in conjunction with coconuts reduces yields about 50% from those 
obtained from full grass stands. 

Grazing is also combined with pineapple plantings; the rougher 
land adjacent to the pineapple fields can be used for grazing, as can 
the refuse from the pineapple plants after fruit harvest. In conjunc- 
tion with the sisal crops, guinea grass may be interplanted and the 
sisal plant residue used as supplementary feed. Oil palm plantings 
have not produced as good results as coconut stands in mixed grazing 
and cropping programs because the palms seem to permit insufficient 
light to pass to the grass for good growth. 
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PROBLEMS OF MINERALS 
AND VITAMINS 


Mineral deficiencies appear widespread throughout the N-S 30 
latitudes, particularly in livestock whose major 


The same livestock show little evidence of serious vitamin e ' 
cies Problems of vitamins may, however, be a yet unrecogmz 


vudimiD iiumv.v., — — - j. 

problem with high rates of fertilizer application There have. tor ex- 


problem witn mgn rates oi ibiuhmi *»iu'* , , j s 

ample, been several reports of vitamin A deficiencies in dairy 
fed high levels of com silage made from com that had receive a g 
applications of nitrogen 

Some areas of Latin Amenca have reported calcium dehcien 
m cattle, as evidenced by weakened bones, slow growth, low mi 
yields, and occasionally tetany Lactatmg females are the most sus 
ceptible to shortages of calcium when on grazing alone This may e 
more of an imbalance with phosphorus than a deficiency since ca 
cium deficiency is unlikely to occur m ruminants except when they 
are lactatmg heavily without adequate supplement 

Shortages of phosphorus in the soil and forages have been re- 
ported all over the tropics and subtropics It has been found that the 
high rainfall, open grassland pastures of South Africa are deficient in 
phosphorus for cattle throughout the year The mixed grassland and 
shrub pastures are deficient 11 months, the subtropical thomtree and 
grassland pastures deficient 7 months, and desert grassland pastures 
deficient 10 months of the year (Table 6 5) Even the highland pas- 
tures around Lake Victoria in Uganda are deficient in phosphorus 
throughout the year for lactatmg cows The natural grassland pastures 
of northern Australia appear deficient in phosphorus practically all 
year In the Llanos region of Colombia, grazing heifers gained 50 kg 
more per head on native grassland pastures in a 9 month period when 
given supplements of phosphorus plus salt than when given salt alone 
Severe deficiencies of phosphorus in animals cause general weak- 
ness and loss of weight Cattle on deficient grazing or stall feeding 
will continually lick each other and, while standing, will lash the 
tongue out to the side of the mouth Lack of phosphorus also seems to 
re uce feed intake of cattle Some researchers have associated l ovV 
dietary mtakes of phosphorus with low breeding efficiency in cattle 
but this has not been 


proven experimentally 


Since calcium and phosphorus are closely interrelated in metab- 
wuT’ dl ® cult t0 evaluate requirements and functions of one 
mm Allhou S h a Ca P ratio of 2 1 ,s recommended for 

ruminants, they seem able to tolerate wider Ca P rations than non- 
ruminants A ratio of 4 1 has proven suitable for cattle in drylot on 
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full feed provided the phosphorus intake meets minimum require- 
ments. There is some evidence that grazing cattle can tolerate Ca:P 
rations up to 12:1, but ratios below 1:1 retard growth. This implies that 
in areas where calcium or phosphorus deficiencies have been re- 
ported, the major problem may be to an imbalance of these two min- 
erals. 

Poor reproductive performance has been frequently reported in 
copper deficient cattle. Copper therapy seemed to increase the con- 
ception rate of heifers on open range grazing but did not improve the 
conception rate of cows. Reduced milk yields may be associated with 
a suboptimal supply of copper in the diet. When their mothers are on 
rations deficient in copper, suckling calves also may show signs of 
copper deficiency 2 or 3 months after birth. 

Hemoglobin, an iron containing protein in the blood, is de- 
creased by deficiencies of copper or cobalt, as well as by parasite 
infestation. Iron deficiency may occur in calves, lambs or pigs on low 
levels of nutrition. Generally, this is not a serious problem because 
of the liberal quantities of iron in nearly all natural feedstuffs, includ- 
ing mature grasses. But there is some indication that iron deficiency 
may be a problem in India, where animals are fed on straw for long 
periods. Supplemental iron has reduced weight losses in the early 
weeks of lactation in mature cows, and produced slightly more 
rapid gains in suckling calves, but no response has been reported 
in fattening cattle. 

Manganese deficiency is unlikely to occur in ruminants under 
usual conditions, although deficiency symptoms— leg deformities, 
poor growth and body development in calves, and reduced fertility 
and frequent abortion in cows — have been reported when cattle were 
grazing pastures on sand and peat soils. 

Cobalt deficient areas have been identified in Australia, U.S., 
Canada, and elsewhere; but few areas of the N-S 30° latitudes have 
as yet been identified as posing problems of cobalt deficiencies. There 
are, however, portions of Florida where cobalt deficiency is a serious 
problem in grazing cattle as evidenced by anemia, loss of appetite, 
retarded growth and general emaciation. It is reported that pastures 
in Uganda are deficient in cobalt for lactating dairy cows but not for 
other cattle or sheep . It may be that with improved feeding other areas 
will be identified as being cobalt deficient. 

Under grazing conditions, parakeratotic-like lesions may occur 
in cattle that respond to oral and injected zinc supplement. Zinc sup- 
plementation has not been considered for cattle on good levels of 
feeding. Some evidence of response of cattle to zinc was reported 
from Guyana, but in general no significant effect on weight gains, feed 
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intake, or feed conversion have been reported for cattle and sheep 
on grazing, even when forage was sparse, except for *» ^ 


areas Preliminary observations from Puerto 
grasses receiving heavy application of fertilizer may 
sufficient zinc for good gains or milk yield, so the expai , 


sufficient zinc tor gooo gains or min - ■ , d 

fertilizer on some soils may necessitate zinc supplementation (, 


animal performance r _ 

The significance of iodine deficiency as a factor limiting 1 JV 
formance in livestock is confined to specific areas, where ll a PP 
as an endemic disorder Where protein in the diet is near a< J e £ ua ’ 
there should be no problem, except in areas with serious dencie 
cies in the soil , 

It is beginning to be recognized that pastures have lnacieq 
sodium to provide the requirements for lactatmg cows and sheep, u 
as yet no seriously deficient areas have been identified 

Isolated incidences of deficiencies of several other minor c e 
ments have been suspected m the N-S 30° latitudes For examp e * 
apparent selenium deficiencies in cattle and sheep were observe in 
Flonda, but when selenate injections were made there was no sig 
nificant increase in weaning weight of calves from cows injected nor 
was there a growth response in sheep There is also evidence tha 
some minor element deficiencies may occur as the result of using 
certain by-products in concentrate rations, such as Cassava niea 
(See Chapter 7) 

As a rule cattle and sheep receive all the vitamins they require 
under average feeding conditions, although deficiencies of vitamin A 
occur on rations of dry straw In addition, ruminants have a remark- 
able capacity for synthesizing most of these compounds in their 
digestive systems Once the rumen is developed, the only dietary 
vitamins needed are the fat solubles, A, D, and E In the past, vita- 
min A deficiency in cattle was confined to and or semi-arid areas an 
to animals grazing during prolonged droughts But recent observa- 
tion suggests that conditions may exist in which feedlot cattle show 
classical symptoms of vitamin A deficiency even though the carotene 
evel of the ration may be well above recognized requirements 

In finishing rations, devoid of hay, positive live weight gam re- 
sponse has been reported with vitamin E and K supplementation, but 
vi min alone seems to have no consistent effect on grazing animals 

ie ry requirements for B vitamins have been demonstrated experi- 
mentally during the first weeks of life pnor to the development of 

nbpUTrt. if re , qUlrements are adequately met by the milk sup- 
phed to the calf or lamb at that time At later ages, it is well estab- 
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lished that these vitamins are synthesized in sufficient quantities 
under most feeding regimes by rumen bacterial fermentation, so that 
no dietary supplies need to be given ruminants. Vitamin D does not 
seem to be a recognized problem for livestock in tropical areas be- 
cause of the general availability of sunshine. 

Faulty mineral and vitamin interrelations in the feedstuff may be 
a significant factor in the performance of livestock in warm climates; 
but inadequacies of energy mask identification of the problems. As 
improved feeding regimes are implemented, no doubt deficiencies of 
minerals and vitamins will become important considerations. Cur- 
rently, the major aspect to keep in mind in planning feed resources is 
the adequacy of the calcium-phosphorus ratio. If there is doubt about 
adequacy of minerals, multi-element mixtures are recommended. But 
providing supplements sometimes creates management problems, 
as is shown in Chapter 14. This summation of mineral and vitamin 
deficiencies is sketchy because the information is of this nature. Good 
livestockmen should, however, become familiar with the general 
recommended requirements and symptoms of deficiencies by refer- 
ring to standard texts, such as that by Maynard and Loosli (1969), or 
the National Research Council and Agricultural Experiment Station 
bulletins on nutrient requirements of domestic animals, such as that 
by Smith and Loosli (1970). 
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Concentrates, 
Feed Supplements, 
Feed Additives, and 
Other Feed Supplies 


Often it is not economically feasible to provide significant improve- 
ments in forage production such as suggested in the previous chapter. 
Pastures, even when well managed, more often than not foil to yield 
adequate supplies of protein — especially for young, growing live- 
stock— if the sole forages are grasses. The best sustained rates of gain 
for cattle on grass alone average no more than 0.5 kg per day. When 
gains are this low for cattle of 350 kg body weight or larger, the major 
portion of the energy from forages is used for maintenance. It then 
becomes desirable from an economic standpoint to provide animals 
rations having a higher energy content than is possible on grass alone. 
Development of feed supplies in addition to grazing is important as 
sources of both supplementary feeds for ruminants, and feeds for 
nonruminants, as well as to help make the most efficient use of the 
grass resources. If the animals lose weight or make no gains on the 
grazing, the grass is a lost resource. 

Feedstuffs other than forages are generally classed as concen- 
trates. These include by-products from plant and animal sources, 
synthetic supplements and waste products, as well as cereal grains. 



Composition of some animal and plant 
by products available in various areas 


Feedstuff 


Dry 

matter 


Dig crude 
protein 


TDN* Calctum Phosphor* 
% _ 


HIGH PROTEIN FEEDS 



895 

72.7 

600 

0 32 

Bone meal, steamed 

879 

262 

650 


Brewers grain dry 

901 

160 

606 


Brewers' gram, wet 

237 

42 

157 


Copra meal 

866 

206 

690 


Com gluten feed 

893 

246 

79 4 


Cottonseed cake 

89 1 

17 2 

489 

023 

Cottonseed meal 

905 

31 1 

79 2 

0 17 

Fish meal (tuna) 

90 1 

443 

605 

3 89 

Kapok meal. 30% protein 

87 0 

272 

566 

030 

Meat and bone scraps 

915 

465 

64 5 

10 44 

Peanut oil meal, 39% protein 

902 

367 

805 

0 14 

Peanut screenings 

920 

19 0 

70 1 

1 18 

Pulses 

904 

180 

GO 3 

0 12 

Sesame oil meal 

93 7 

424 

713 

201 

Tankage 

895 

46 4 

642 

640 

Yeast, dned 

917 

502 

75 1 

0 11 


HICH-CARBOHYDRATE FEEDS 


Banana, whole, dned 

885 

66 

555 

101 

Banana, npe, unpeeled 

244 

37 

154 

051 

Cassava roots, dned 

944 

25 

75 0 

0 02 

Cassava roots, wet, whole 

319 

17 

258 

0 01 

Citrus pulp, dned 

900 

56 

750 

2.00 

Cocoa pod meal 

960 

90 

607 

264 

Coffee pulp, dned 

920 

84 

290 

020 

Com bran 

905 

56 

495 

004 

Cottonseed, whole 

925 

10 7 

755 

024 

Date stone meal 

935 

63 

682 

0 19 

Maize 

88 1 

73 

82.4 

0 07 

Manure, cow, dned 

940 

12 2 



Molasses, sugarcane 

79 7 

1 1 

605 

053 

Pineapple bran (dned pulp) 

845 

06 

630 

0 28 

Plantain, npe, unpeeled 

Rice bran 

274 

4 1 

604 

0 92 

Sorghum, gram 

Sweet potato meal 

Wheat bran 

90 1 
896 
905 

65 

84 

15 

55 1 
78 4 

72.7 

0 11 

0 02 

014 

Yam, yellow, tuber, unpeeled 

890 

24 1 

130 

37 

630 

205 

0 13 
0 14 


025 
1002 
0 45 
0 12 

0 67 

080 

1 12 
058 
289 
028 

4 89 
0.50 

005 
034 
159 
3 13 
144 


0.22 

026 

003 

004 
0 14 
0 17 
0 13 
0 14 
068 
054 
040 
2.40 
009 
008 
026 
065 
052 
0 12 
127 
0 10 
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TABLE 7.1 (con't) 


Feedstuff 

Dry Dig. crtide 
matter protein 

TDN a Calcium Phosphorus 

% 

ROUGHAGES 


Berseem, hay 

82.1 

10.3 

54.4 

1.66 

0.33 

Com cobs, ground 

90.4 

0.0 

45.7 

0.10 

0.03 

Com fodder, green 

24.1 

1.5 

15.3 

0.17 

0.09 

Com stalks 

92.3 

1.7 

39.9 

0.30 

0.21 

Com silage, dough stage 

22.2 

1.1 

15.5 

0.11 

Q.07 

Cottonseed hulls 

88.4 

0.3 

38.1 

0.13 

0.07 

Paddy straw 

91.0 

0.2 

21.6 

0.32 

0.09 

Peanut shells 

92.3 

1.6 

19.0 

0.23 

0.04 

Bice hulls 

92.0 

0.8 

15.0 

0.09 

0.06 

Rice straw 

91.5 

0.1 

44.7 

0.20 

0.08 

Sorghum fodder, dry 

88.2 

2.2 

54.4 

0.29 

0.15 

Sugarcane tops, green 

26.4 

0.6 

14.9 

0.10 

0.07 

Sugarcane bagasse, dried, ground 

90.0 

0.1 

41.0 

- 

- 

Sugarcane bagasse, fresh 

60.2 

0.0 

20.6 

- 

- 

Wheat straw 

90.6 

0.5 

43.1 

0.15 

0.07 

Yam vines, green 

21.9 

1.8 

12.3 

0.17 

0.04 


Source: Adapted from DeAlba, 1958; NEC, 1964, Oyenuga. 1959; Schneider, 1947, and various agriculture 
experiment station reports. 

■Total digestible nutrients. 

oil seeds, sorghum, and milo grain. The latter are the major suppliers 
of energy and protein for much of the livestock kept in the temperate 
zones. But in the tropics they are generally too costly for animal feeds 
because they are also the main foods for human consumption. By- 
products from plant and animal sources are the residues or wastes 
from the processing of food for human consumption. The most widely 
utilized products of this nature are rice bran; seed oil meals like copra, 
sesame, peanut, cotton, and soybean; molasses; and bone meal. A 
number of the synthetics are relatively new to livestock feeding, such 
as nonprotein nitrogen compounds, vitamins, and stimulants, includ- 
ing hormones and other additives. There is sometimes a fine line of 
distinction between by-products and waste products. Wastes gen- 
erally refer to animal excreta, although the term may be applied to 
vegetable and fruit pulps from processing industries. There are 
additional products, which do not fit readily any of the categories 
listed, that have been employed as animal or human foods— e.g., 
algae, yeast, and seaweed. Other feedstuffs, such as new or modified 
products created by mechanical, chemical, or microbial treatments of 
some relatively common products, have proven useful too. 
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In general in many tropical areas, inefficient use a ^ 8 cou , d 
the nutrients from the sources enumerated If new ent IP 
be initiated to develop some or all of these matena s n d 

of the existing deficiencies ,n livestock feeding could ^ f \ ' stl0n 

When an outsider first arrives in a local area, lus initial q 
is, 'Why is not more efficient use being made of plant rest 
products from food processing"’ The answer is often, P (Q 
are already being used” or "technology and machinery are nee 
process the by product before it can be used effectively 
is usually the mam problem On small farms any product not co 
sumed by the people generally goes for livestock feed, whe er 1 
the chaff and straw bom cereal grain harvest, com stalks, the we 
and grasses from among the crops, or surplus fruits and vegeta 
Many households may have one or two fruit trees that do not pro uc ^ 
on a large enough scale to merit processing, but without remova o 
some of the water, the fruit does not make very satisfactory ee ^ 
Processing to increase the dry matter content is often the mam fac o 
determining usefulness of locally available materials 

By products of tropical fruits or cereal grains are used as fee s 
most intensively where crops and livestock exist in a highly compe 
tive situation An example is the proximity, m Florida, of the citrus 
industry and intensive livestock operations The by products of citrus 
are offered as an economic alternative to other feeds Dried citrus 
pulp is also shipped for use in other areas By contrast, the molasses 
from sugarcane and the seed from cotton, which are produced on 
small farms in tropical areas and brought to centers for processing, 
become available for commercial use particularly as exports to earn 
foreign exchange Like forages in the warm climates, by products 
have great potential, but livestock producers and govemmenta 
agencies will have to give them more attention and provide more 
resources before they become significant segments of the feed supply 
The following sections describe several of the plant and animal 
by products, and fruits, that have been used as supplementary sources 
of protein and energy or as roughages, and suggest other possible 
sources The nutritive value and mineral content of some of these 
products is given in Table 7 1 


plant by-products 

Sugarcane Bagasse 

Bagasse is the fibrous residue of sugarcane stalks after the ju 
lias Been pressed out It is composed of the hard, strong fibers of 
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outer cortex and inner pitch of the cane stalk. When fresh, it contains 
40-50% dry matter and a small percentage of residual sugar (about 
0.3%). Because of the high lignin content of the stem, its utilization 
by nonruminants is limited. The pith which is high in cellulose can 
be used well by ruminants; but by weight the pith makes up only 
10-15% of the bagasse. The pith is also highly absorbent. In the U.S., 
bagasse is used primarily as litter or bedding for livestock and poultry 
and as raw material in the manufacture of paper and other products. 
Since it has a rather high water content in the fresh state (40-50%), 
there are problems of storage unless it is dried. In fresh or dried form 
bagasse may best serve as a roughage, especially for complete pelleted 
rations. Grinding seems to improve palatibility. At present, its energy 
value should not be counted on. However, it may eventually be im- 
proved by alkali treatment. (See the section in this chapter on chemi- 
cal treatment.) 

In Puerto Rico (Randel, 1969), a ration containing 25% bagasse 
and 25% cane molasses, along with cereal grains, urea, and fish meal, 
has been recommended for lactating dairy cows, although rations 
containing 35% bagasse have been used satisfactorily for both lac- 
tating cows and growing heifers. From this series of experiments, it 
was concluded that bagasse could serve as the sole source of rough- 
age. Its absorbent qualities also make possible a greater utilization of 
molasses than is usual in rations with silage and concentrates; its 
apparent restrictions on rate of intake help to reduce tire tendency for 
diarrhea from high levels of molasses feeding. In Florida experiments 
(Kirk et al., 1956), 50% of the hay in the feed of fattening steers was 
successfully replaced with bagasse. But there is other evidence that 
high levels of bagasse feeding (up to 25% of tire ration) are undesir- 
able in warm climates because the animal uses more energy to process 
the bagasse than it yields. The high heat of digestion increases the 
animal’s heat load. 


Sugarcane Tops 

Sugarcane tops, which include the growing point, a few of the 
upper nodes, and accompanying leaves, are removed as surplus ma- 
terial. On large farms the tops and dry leaves are burned off before 
the cane is cut, while on small farms the tops are cut for livestock feed. 
Occasionally, the tops are dried and saved for feeding in the dry 
season. During extended dry periods, the whole plant may be used 
as fodder, but when the cane is mature the stem or stalk is not very 
palatable. The feeding value of cane tops is rather low: 0.5-1.5% 
crude protein, 0.5% fat, and 9% crude fiber (Table 7.1). But tops can 
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serve as a roughage if used in conjunction with 
South Africa, cattle fed 6-7 kg of sugarcane tops per 100 kg hve * el ®"5 
along with peanut meal, gained 0 6 kg per day (Lishman, 1 ) 

m Florida, tops fed ad libitum in combination with protein and , 
eral supplements were deemed satisfactory for fattening ee 
(Bregger and Kidder, 1959) Fattening steers also did well m u» 
Philippines when fed three parts concentrates to one part sugar 
tops Cane tops have been used with partial success as silage- 
whole cane plant silage has proven more valuable Still, the pro e 
of harvesting and the tendency of cane silage to cause diarrhea 
animals make it less satisfactory than com silage 


Corn Products 

Although the whole com kernels are used for livestock feed in 
many areas, certain residues and by-products are also good feeds T ie 
by product from the production of glucose and starch, com gluten 
feed, is an excellent source of protein It is a common constituent o 
poultry, swine, and dairy cattle concentrate mixtures In the Philip" 
pines, concentrates with 33% com gluten feed were equal to an 
equivalent amount of com for lactating cows 

Com bran, the by product from the preparation of com meal for 
food, is composed of the outer covering of the grain, tip cap, and 
fragments of the endosperm Some brans are coarse and others fine, 
depending on the grinding process The coarse type is slightly higher 
in protein, fat, and fiber In rural areas, swine are frequently fed the 
bran from home preparations of com products Several Latin Ameri- 
can countnes, e g , Venezuela, have developed extensive swine and 
poultry industries dependent on extensive use of com bran and corn 
gluten feed 

Com cobs, husks, and stovers are low quality roughages, yet m 
combination with molasses and urea they make acceptable rations for 
maintaining adult cattle or sheep dunng periods of short supply of 
teed Many small farmers soak the husks, cobs, or stovers in water 
to aid their acceptance by the animals Rations of ground com cobs, 
molasses, and copra or soybean meal in the ratio of 75 15 10 have 
been recommended for buffaloes and cattle in India and the PhihP 


Cacao Pod Meal 


tests 0 d° d a 15 * 1 haS been Used Wlth mixed results In Florida 
* ned cacao pod meal was 96% as good as rations con- 
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taining an equivalent amount of com (Haines and Echeverria, 1955). 
There were no problems of flavor in the milk of cows fed the 50% ca- 
cao pod meal. In Costa Rica, results were less promising. A level of 
50% cacao pod meal in both low and high fiber rice bran diets fed 
growing heifers lowered digestibility of all nutrients; and at a 60% 
level, 10.2 kg of dry matter were required per kg of gain— nearly 
30% more feed than was required in the control diet of cereal grains. 
The lowered efficiency of the cacao meal ration was attributed to the 
high calcium content resulting from soaking the pods in lime solution 
before drying and chopping (Bateman and Larragan, 1966). The con- 
trasts in findings could be due to differences in the manner of prepara- 
tion and perhaps, partially, the size and age of animals. 

Although there have been some reports of toxic substances in 
cacao meal and ground cacao shells, problems with cattle have not 
been serious. The use of the meal for poultry and swine rations is 
recommended with reservations, even though satisfactory perform- 
ance has been obtained in several swine feeding tests. 


Coffee Meal , Pulp, and Hulls 

Various tests have been made in Colombia to determine the 
value of feeding coffee meal (ground beans after extraction of oil) to 
dairy heifers. The heifers were fed 3 kg of grain mixtures per day con- 
taining from 0 to 98% coffee meal. They consumed all the feed offered 
in the rations containing less than 25% coffee meal, but only 29% of 
a ration containing 98% coffee meal. The differences indicate that 
palatability was a problem. The gains on the 25% level were nearly 
equal to those from the control ration of cereal grains. Although coifee 
meal is rather high in protein (17.4%), it does not lend itself to more 
than a partial protein substitute due to poor animal acceptance. 

Experiments with coffee pulp (the outer covering of the coffee 
berry) in Puerto Rico suggest that the wet pulp has good nutrient 
qualities because of its sugar content, but that the sun-dried pulp is 
not a high quality feed because of the loss of sugars in soaking to 
loosen the pulp from the green bean after picking. Another problem 
is getting sufficient quantities of the pulp for feed since the pulp is 
normally removed on the farm a few hours after picking; therefore, 
available in small amounts only on days of picking. 

Dried coffee hulls (the outer shell, right around the beans) are 
available at processing centers. But like rice hulls, they seem to be 
relatively indigestible woody materials. On a dry matter basis, total 
cell wall is 91.0%, total crude lignin 19.7%, cellulose 49.0%, and 
hemicellulose 22.1%. The estimated apparent digestibility of coffee 
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hulls is new zero Due to the very high l.gmn c ° nt ® n £ c< f h be 
should be regarded stnctly as a diluent in any rat.on There m 5^ 
value at tunes in putting inert sources of fiber in some high 
trate rations for fattening cattle or lambs, but in dairy c 
where energy intake is the limiting problem, coffee hulls would 
no useful purpose 


Copra Cake 

Copra cakes or coconut oil meal, is a by-product of the coconut 
oil industry It is medium in protein, high in TDN (Table 7 1), an 
may be used in rations for all classes of livestock It may depress o 
some degree the feed efficiency and alter carcass quality in swine* 
however Carcasses of pigs fed coconut meal had less fat on ie 
shoulders and smaller loin eye area than those of pigs on a soybean 
supplement (Gneve et al , 1966) In Hawaii, coconut meat has been 
used quite successfully as the main protein component of rations tor 
dairy cows Elsewhere, up to 40% has been used in poultry rations 
without problems of toxicity or palatability The main limitation o 
coconut cake is the high fat content, which is conducive to rancidity 
and rapid spoilage in warm climates The protein in coconuts is also 
very sensitive to heat If the heat is not properly regulated during 
processing, the quality of the protein may be lowered to the point 
where copra cake becomes almost worthless as a feed for all livestock 
This often happens where processing is not well controlled 


Afohmes 

Molasses is the most abundant and extensively used by-product 
in warm climates It is generally an excellent source of carbohydrate, 
but vanes to some extent in quality due to the water content and 
amount of contaminants (mainly soil, where the cane is not washed 
e ore gnnding) The major source of molasses is sugarcane, but m 
certain areas there are significant quantities produced from citrus 
and pineapples It is fed to cattle and sheep as a lick, sprayed or 
° VCr i°^ er feedst “fc ( e g » dry straw or green chop), mixed 
mtoprepared concentrates, or heavily diluted with water and offered 
S0U , rCe ° f , free Water Unless * is mixed with highly ab- 
not exceed 7 n ioJ "S ** bagaSSe ’ 11 15 recommended that molasses 
of the toHl 7 ~ 1 f° % °«? 1 f concentrate or 3-5% of the volume or weight 
1 lhe t0,al ratlon W >‘h * h‘gbly absorbent material, molasses may 
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make up to 40% of the total ration without harmful effects. In addition 
to the advantages of abundancy, good energy content, and palata- 
bility, molasses stores reasonably well. These factors make it one of 
the best feeds in tire tropics. 

Molasses is not used extensively in swine and poultry rations 
because it causes the ration to have excess magnesium and to be 
deficient in phosphorus which tends to cause diarrhea in these ani- 
mals. Nonetheless, molasses up to a level of 30% of the total ration 
has been used without serious ill effects for poultry feeding in Puerto 
Rico and Colombia. 


Date Stone Meal 

In Egypt there are over 30,000 tons of date stones produced an- 
nually. The ground meal is medium in fiber content (17.6%) and fat 
(7.5%), but low in protein (6.3%); still, it is a good source of energy. 
Growing lambs given a mixture of date stone meal, urea, and un- 
decorticated cottonseed cake showed daily gains similar to those of 
lambs given rice bran and cottonseed cake. Date stone meal has also 
been used successfully as a replacement for 10% of the barley in 
chick rations. This product is not widely produced but should prove 
quite useful at least in areas of production. 


Peanut Meal 

Peanut meal (ground nut meal) is an excellent source of protein. 
In India and Pakistan it has proven superior to copra meal as a source 
of protein for ruminants. However, there have been reports of toxicity 
from afflatoxins produced by molding due to inappropriate storage in 
India, Britain, South Africa, and elsewhere. Even so, the production 
of peanuts might well be expanded to serve as a source of oil for 
human use and protein supplement for all classes of livestock. 


Rice Products— Bran, Hulls , and Straw 

Rice bran is a popular feed in rural rice producing areas. It is 
produced in rice mills or in households by pounding with mortar 
and pestle to separate the polished rice from the bran and hulls. The 
quality of bran is influenced by the milling process and the type of 
rice used. Non-glutinous varieties provide brans of better feeding 
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value than glufnous vanehes Con.merc.al product .may be ^coarseor 

find depending on the screening and g" ndin S P exceed 50% 

is a good source of energy for livestock, but it should not 

of the ration for poultry or swine h . 

Rice hulls are a very low quality roughage They have a mg 
lignin content with an estimated digestibility of ne “ r Rlce 

main use is as a •■filler” in commercial “neentrate mixtures 1 
straw is a fair quality roughage Most of the straw is fed on the farm 
during the dry season with some augmentation by rice , 

type of mixture is deficient in protein as well as calcium an P 
phorus for sheep or cattle In India and the Philippines, the current 
recommendation is to use nee straw plus molasses and copra mea 
a ration for lactating cattle and buffaloes and also for draft but oc 


Wheat By-products— 

Bran, Screenings and Straw 

Wheat bran, a by-product of the flour industry, is an excellent 
feed for all classes of livestock It is medium in protein content an 
high in energy (Table 7 1) Like nee bran, wheat bran is fed even m 
rural areas and this is the main disposition of the straw Wheat straw 
is a somewhat better feed than nee straw because of higher contents 
of calcium and phosphorus Still, it is a low quality roughage and 
needs supplementation with other sources of energy and protein 
Dunng extremely hot weather it remains questionable whether the 
animal obtains much benefit from the feeding of straw due to the hig 
heat of digestion For this reason the feeding of straw should probably 
be relegated, insofar as possible, to the cooler seasons for maximum 
benefits to ruminants 

Numerous other plant by products have been used on a limited 
basis and with varying degrees of success For instance, kapok meal 
has been employed successfully as a protein supplement for cattle in 
Nigeria (Oyenuga, 1959) 

ANIMAL BY-PRODUCTS 


The most popular feed products from the preparabon of meat and fish 
u * e are blood, bone and fish meals, and meat scrap These 
r sources Protein, and bone meal is an especially good 
calcium a nd phosphorus Since these by-products are pro- 
duced mainly m slaughterhouses or processing plants m urban 
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centers, and not in large quantities, their use in rural areas is very 
limited. In most countries, blood and fish meal go into commercially 
prepared poultry and swine rations, Bone meal gets somewhat wider 
use since it is frequently sought as a mineral supplement for grazing 
cattle. Bone meal plus salt will generally suffice as an appropriate 
mineral supplement for grazing cattle or sheep. 

Any by-product from animals must have proper heat treatment to 
eliminate the risk of disease. Since precautions have often been 
inadequate, acceptance of bone meal and other animal by-products 
may be low among animal producers. 


FRUIT BY-PRODUCTS 

There are tremendous quantities of fruit produced in the tropics, 
much of which goes unused. Except for citrus and pineapple, little 
use is made of the by-products or wastes, primarily because of lack 
of uniform supplies and the medium to low feeding value, high water 
content, bulkiness, and rapid deterioration of these fruits following 
harvest. Fruit by-products are feasible for livestock feeding pri- 
marily around processing plants. 


Bananas 

Dried, whole ripe, and whole green bananas have been used 
quite successfully for swine feeding in certain areas of Latin America 
(Maner et al., 1966). Dried bananas were equal to cassava meal and 
com when supplemented with adequate protein. The rate of gain of 
pigs with ad libitum feeding of green and ripe bananas was less than 
for the dried product due to the moisture content. Ripe bananas were 
better than green ones as a consequence of their higher sucrose 
content. When pigs were fed enough ripe bananas that they did not 
need to consume the peelings, gains were only slightly below those 
from whole dried bananas. Green banana leaves have proven as good 
as chopped napier grass for feeding cattle. The chief limitation of 
banana fruits, stems, and leaves is the high cost of dehydration to 
provide a product that can be stored more than a few hours or days. In 
the unprocessed state spoilage of all but the stem is rapid. The use- 
fulness of bananas in commercial operations appears to be restricted 
to large marketing areas and areas where harvest is almost continu- 
ous, such as near Guayaquil, Ecuador. 
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Citrus Pulp 


Citrus pulp is the residue from the process...,? of citrus fruity 
juices and canned fn.it After extraction of the fruit orju ,c «. 1»" ^ 

is added to reduce acidity, and the pulp and peelings arc the 
Citrus molasses may he extracted from the pulp and oil from the sec 
as is the common practice for processing plants in Flori a, 
where citrus pulp represents the whole by-product Some p an 
duce citrus meal, which consists of the fine screenings irom pr 
and dned citrus residue and citrus seed meal The flavor o c * 
pulp vanes according to the major fruit used Grapefruit pulp s> c 
most palatable to cattle i 

Citrus pulp is an excellent feed (Table 7 1) It lias been u 
quite effectively to make up to 65% of the total ration for fattenm 
cattle (Cunha and Rhodes, 1966) and up to 35% of the concentra e 
mixture for lactating cows Finely ground pulp, citrus meal, or see 
meal may constitute significant proportions of poultry and swine 
rations Cull citrus fruits, fed whole, have met with only P artia 
success Tangennes fed to swine gave poor results, yet cull g r ^P e 
fruit was a good winter supplement and could supply 30-50 so o 
the energy for fattening cattle (Kirk and Davis, 195-1) In view of the 
excellent success of citrus products in the U S , it seems that other 
countries should consider investments in processing industries — not 
only to supplement cattle feed, but also to provide more variety W 
products intended for human consumption 


Pineapple By products —Bran, Pulp, Molasses, 
Stump Meal, Hay, And Silage 


The most efficient use of pineapple by products is in the h ve 
stock industries of Hawaii Pineapple bran (dried residue from the 
canning industry), pineapple molasses, hay, and silage are highly ac- 
ceptable for lactating dairy cattle (Otagaki et al , 1960) Pineapple 
bran has also given good results in poultry and swine rations Fresh 
pineapple pulp may be fed to lactating cows and steers Its acceptabil- 
ity is good if fed within a few hours after leaving the processing plant 
owever, its protein content is low, consequently, it must be supple* 
mented with a good source of protein Several dairy operators m 
Kl r c °, obtam reasonably good levels of milk yield during 8 
ZT i°f ?! Vear V T hen the PulP ix available by feeding the 
pulp ad libitum umh a 24% crude protein feed Green chopping 

fatte„mg“ “? r harvesl P-™‘ d ^ S°° d ™ghage f°r 0 " 
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VEGETABLE BY-PRODUCTS 

In the temperate zones, the by-products of the vegetable processing 
industry are used widely for silage, but currently there is little use of 
vegetable wastes for livestock feeds in the N-S 30° latitudes. The 
reasons are similar to those limiting the use of fruit crops, namely 
perishability, small farm production, and lack of processing industries. 
Nevertlielsss, in the rural areas of densely populated countries in- 
tensive use is made of vegetable crop residues for livestock feed- 
ing. The leaves and stalks of vegetables are often rich in minerals and 
reasonably good in protein and carbohydrates, but they are only fair 
in feeding value unless dehydrated. Sun drying markedly reduces 
their value as a source of vitamin A due to a breakdown in carotene 
by respiration. This means that except in rural areas vegetable resi- 
dues will probably continue to be insignificant sources of feed. 


OTHER PRODUCTS 

There are a number of other products produced basically for human 
consumption that have also been fed to livestock, such as cassava, 
and other products which might be given more attention for livestock 
feeding. 


Cassava 

Cassava (yucca in Latin America) is a basic food crop in many 
areas of the warm climates since it is an excellent source of carbo- 
hydrates. There are numerous varieties (about 80). The yields of many 
varieties are as high as 20-40 metric tons per hectare (some have 
yielded over 100 tons of fresh tubers per hectare). Yields are deter- 
mined by variety, soil fertility, and climatic conditions. Cassava re- 
sponds well to fertilizer and propagates easily. Some varieties reach 
maturity at 6 months and others at 16-20 months. „ 

Europe is presently importing over 30 million tons of cassava 
meal annually, mainly from Africa, for use as a carbohydrate source in 
swine rations, although also for use in poultry and cattle feeding. 
Molding, heating, and sweating during transport present problems 
yet to be solved. Still, it appears that cassava may be one of the most 
extensively produced tropical crops in the future. 

All varieties of cassava contain hydrocyanic acid (HCN) in varying 
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amounts And even small quanbt.es of HCN have severe election 
the growth and health of pigs and poultry Cassava varieties are gen 
e rally grouped as edible or nonedible The edible varieties contain 

about 0 03% HCN in the skin, 0 03% m the flesh, and 0 005% in th 
leaves (Adriano et al , 1932) Varieties considered poisonous contain 
much higher HCN levels in the flesh Edible vaneties vary in tiber 
content of the flesh, hence differ somewhat in feeding value 
HCN is water soluble, so cooking reduces the chances of toxicity 
Cassava tubers are about 81% edible Freshly dug tubers roust e 
cooked and chopped into small pieces and dried for storage or ey 
will spoil in about 3 weeks 

A swine operation of about 10,000 head m the Philippines allows 
the animals to root up cassava tubers In drylot feeding, three parts o 
raw cassava have been used to replace one part of dry concentrate 
Tests in Colombia showed that chopped cassava, m combination with 
a well fortified protein supplement, could serve as the mam energy 
source in growing finishing swine rations However, young pigs tend 
to overeat protein supplement to satisfy dry matter and energy needs 
until their stomachs are large enough to permit consumption o* 
greater quantities of fresh cassava Older pigs are able to consume 
sufficient cassava to satisfy their daily energy needs and eat only 
enough supplement to meet their requirements for proteins and vita- 
mins The feeding value of dried cassava is about 95% that of com 
when used as 15% of the ration for 10-20 week old pigs, 20% for 
20-30 week old pigs, and 25% for 30-40 week old pigs (Asico, 1941) 
The dusty powdery nature of dry ground cassava can restrict 
acceptability The low protein and vitamin content of most varieties 
requires that special care be given to proper supplementation Also, 
cassava is almost void of fats or oils, hence small quantities of these 
will improve performance (Maner et al , 1965) Although most vane- 
bes of cassava are low in protein (1-3%), one variety in Colombia, 
Llanera, has a protein content of 7 25% on a dry weight basis It has 
produced yields of 78 tons per hectare in 10 months The fact that 
some vanebes offer possibilities as being adequate or nearly so m 
protein content is of tremendous practical significance 

cassava refuse meal, a by-product in the manufacture of starch, 


has also been used 


in animal rations Reports from the Philippines 


from h ch 0 „nn a !l' L 96 ?, SU J EgeSt lhe Possibility of making cassava silage 
in nrotafm ’ r My dug tubers A1 *ough cassava leaves are high 
leaves restne^l aV< f n0t been w ‘dely used because removal of the 

dry matter dun ~ m opmenl °‘ ‘he tubers, and the leaves are low in 
Uty matter during the growing stage 
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Sweet Potatoes and Yams 

Sweet potatoes and yams are also starchy tubers widely grown in 
tropical areas. In contrast to cassava, there is much less problem of 
toxicity in these species. Otherwise, they are much like cassava in 
respect to production methods, yields of improved varieties, and value 
as a carbohydrate source in feeds. In the future the production of 
these crops, using improved varieties, will no doubt expand rapidly. 


Cottonseed Cake and Meal 

Cottonseed cake and meal are typically by-products of the textile 
and edible oil industries. They are included in this section because 
several countries are expanding their production of cotton with em- 
phasis on the production of edible oil and protein supplements for 
livestock— even though the cotton fiber may be sold on the world 
market at a loss. In several tropical countries, the oil is extracted from 
the seed by the hydraulic method (pressure alone) with the resulting 
cake consisting of hulls and meal. This product, by volume, has a 
considerably lower feeding value than the cake or meal produced 
from the expeller process (solvent extraction) used in the U.S. 

Either meal or cake may serve as the chief protein sources for 
all classes of livestock, although tire value of cottonseed by-products 
for swine and poultry is less than that of soybean, peanut, or copra 
meals because of the rather low lysine content of cottonseed. For 
poultry and swine, supplements of fish meal, soybean meal, or meat 
scrap are also needed. These combinations improve protein quality 
and prevent toxicity from gossypol. Extensive experiments have 
proved that cattle and sheep over 4 months of age may be safely fed 
cottonseed meal as the main source of protein. About 1 kg or slightly 
less per head per day is frequently sufficient protein supplement to 
carry adult cattle through the dry season if they are on fair grazing. 
Except at very high levels of feeding, gossypol is not toxic to cattle, 
but the meal must be degossypolized to 0.04% or less to be used 
extensively in swine or poultry rations. Besides being high in protein, 
cottonseed meal is a good source of phosphorous; but it is low in 
calcium. 

Cottonseed cake— the type including hulls— is a reasonably good 
feed; however, because of its -high fat content it will not store in the 
tropics. Rancid cake has caused death on many occasions among 
cattle and sheep in India. As with several other feed resources in the 
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tropics, better handling arrangements are needed to nuke cotton- 
seed products as useful as they should be 


Leguminous and Non-lcfiumtnous Leaf Meals 

Good quality leaf meal from forages and trees can serve as a 
source of carotene and protein Mature, green leaves contain more 
carotene than young leaves The carotene is lost in storage, u 
antioxidants help in minimizing the loss Extensive experiments, 
including those in India, Hawaii, and Guatemala, have shown ta 
leaf meals could be used at levels from 3 to 5% in livestock rations 
Higher levels appeared to depress growth rates of poultry. 

Legume leaf meals, such as alfalfa, are accepted and commer- 
cially available, but as indicated in Chapter 6 the limited culture o 
alfalfa and other legumes m the tropics makes current production oi 
leguminous meals very low Seemingly, the production of meals 
could be a further incentive for development of legumes in the 
tropics 

Although the nutritive value of the leaves of cassava, sweet 
potatoes, yams, bananas, and plantains is good, it is unlikely that 
commercial processing will develop due to the great amount of labor 
required, fluctuating supplies, and the high cost of dehydration How- 
ever, some industrial processing may prove feasible in certain loca- 
tions to support poultry or swine industries 


Water Hyacinth ( Enhhorma crassipes) 

The water hyacinth is a common weed in lakes and nvers m 
topical areas, often impeding the flow of water and obstructing water- 
borne traffic Silage from this plant is palatable but low m digestible 
wtiTr 4% ^ and total digestible nutrients (4 7%) (Loosli et al , 
o4) Given its low energy value, the consensus is that preparing 
suage is not worthwhile unless other feeds are very scarce or ex- 
Densive * 


Seaweed and Unicellular Algae 


nutnenTvtt!^ 11 ^^! 6 are °^ en s Poken of as having high potential as 
be™ ™de r" and as yet little use has 

them It has been suggested that certain types of algae 
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could be used beneficially at levels of 10-20% of the diet for pigs, 
sheep, and cattle, and that seaweed could serve as a source of min- 
erals. But further development of technology seems necessary before 
expansion of these sources can become economically feasible. 


Yeast 

The picture is somewhat different for yeast as it is already widely 
produced from molasses or other products and used in foods and 
feeds. Recently, in Europe, commercial production of yeast and 
bacteria has been initiated using normal paraffins from the petroleum 
industry. Cost in relation to other feed resources is a major problem. 
Cost- return studies made in Latin America (Feldman, 1969) indicate 
that the prospective market in a single country would not support an 
economical yeast producing plant. Nevertheless, since the yeast and 
bacteria that can be produced from hydrocarbons are sources of high 
quality protein, some countries may be willing to provide the subsidy 
necessary for plant construction within their boundaries, or some 
regional arrangement may be made. 


Fish Soluble Flour and Ethamol 

Two other products worthy of mention as protein sources are fish 
soluble flour made from whole fish and the synthesized product 
ethamol. The former is a commercial product used in fortifying human 
diets and may be used similarly in some animal rations. The latter is 
a fermented product prepared in semiliquid form from fish soluble 
products and molasses. This product is currently in commercial pro- 
duction in Puerto Rico. A ration consisting of 30% ethamol, 35% 
bagasse, 30% ground com, and 2% urea plus a mineral and vitamin 
supplement has been used successfully in Puerto Rico for fattening 
cattle (0.8 kg average daily gain) and for lactating dairy cows. 


High-lysine Corn 

Recent experiments in Colombia with com containing the 
opaque-2 gene, which increases lysine content, showed that growing 
pigs gained 56% faster on a diet of opaque-2 com and had a feed 
efficiency 28% higher than those fed normal com (Gallo et al . , 1969). 
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In each case com was the only source of protein m the die 
with fattening pigs, those fed a 10% protein diet of o» Pal 
com made gains equal to those receiving a 16% protein diet com. 
ing of noimal com plus soybean oil meal These preliminary 
suggest great possibilities for improvement of protein suppne 
duction of opaque 2 com has not caught on in the U S ue 
lower yields, but with further development, there may be m 
greater use of this type of com throughout the world 


WASTE PRODUCTS 

In this discussion, waste products consist of manures and creamery 
wastes that ordinarily have little utility, except to serve as a source o 
fuel or to enhance soil fertility 


Whey 


‘ Whey” is the term commonly employed to identify the residua 
liquid of milk from cheese making Cheese of some type is produced 
m almost all rural areas of the warm climates, whether it be by the* 
nomadic tribes of Asia and Africa or the Indians of the Andes region 
of South America The whey contains the milk sugar, the albumin, an 
a large part of the ash Because of its high water content, it has less 
than 7% dry matter Nonetheless, it is widely used in rural areas for 
both human and animal consumption In large commercial cheese 
operations, the product is dned and used as a constituent of livestoc 
rations, especially for poultry, swine, and young calves 

In some places the liquid whey is set in the sun to partially evap" 
orate the water and to ferment the whey Liquid whey mixed with 
chopped straw and nee or wheat brans has met with reasonable sue 
cess for reanng calves in India, although the semi dehydrated form 
gives better results than fresh whey In Colombia, Venezuela, South 
Atnca, and elsewhere, several successful swine operations have been 
established near commercial cheese factones The liquid whey *s 
so r ,e 5 0UICe of liquid for the pigs, and replaces 10-15% » f 
** food needed Brewery slop from the beer industry has 
ZTlf? useful in the feeding of sw,ne and cattle Dned brewers 
g in, like whey, ,s a very nutntious feed product for l.vestock 
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Poultry Waste 


Poultry litter, particularly from broiler production units, has be- 
come a cheap source of nitrogen for ruminants in parts of the U.S. 
Similar utilization may be possible in countries such as Jordan, Is- 
rael, and Venezuela, which have developed large poultry industries. 
Poultry droppings contain 60-90% of the urinary nitrogen as uric 
acid and 9-13% as ammonium salts. Uric acid can be utilized by ru- 
men organisms; but it is unstable in wet droppings and changes rap- 
idly to urea and ammonium salts. This means that the waste must be 
fed quickly or dried to preserve its value. The digestibility of the 
nitrogen in pure droppings ranges from 70-85%. Many factors, such 
as source of litter, (laying hens or broiler), type of litter used (com 
cobs, wood shavings, rice hulls, bagasse, or straw), ventilation of the 
house, frequency of removal, quantity of litter in the droppings, and 
density of birds, can affect the chemical analysis and the quality of the 
product for feed usage. 

Most experiments with poultry litter for ruminants have been 
with beef cattle, but some tests have been made with sheep and dairy 
cattle. Dried poultry litter has proven satisfactory for wintering beef 
cattle in the U.S. southwest. The cattle received 2-3 kg per day of 40% 
litter, 38% sorghum grains, 10% alfalfa meal, and 10% cane molasses. 
In other tests, cattle maintained body weight on 25% litter and grass 
hay. A period of adaptation to poultry litter may be necessary, but cat- 
tle or sheep consume it readily if it is mixed with a quantity of cereal 
grains or grain substitute (Brugman et al„ 1964). Both lactating cows 
and growing heifers will consume sufficient quantities of dried “pure” 
chicken manure, when added to low-nitrogen diets, to satisfy their 
nitrogen requirements. Some trials have also been conducted with 
cattle in India with acceptable results. 

Poultry house waste serves its best purpose when ground and 
mixed thoroughly with a high energy feed. Vitamins A and D and 
phosphorus need to be included in the ration. Before feeding, the 
litter should be passed over a magnet to remove any fragments of 
metal. It should also be kept dry, as wet litter is not palatable. Dis- 
eases may sometimes be transmitted by poultry waste (especially 
tuberculosis), and there is also the danger of carryover of pesticide 
and antibiotic residues to the cattle. Because of these dangers, some 
countries have restricted the use of poultry waste; however the prob- 
lems do not appear insurmountable. 
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Cow Manure 

There is some evidence to indicate that the fecal residue from 
grain-fed cattle may be recycled through cattle to derive more an 
manure value from undigested feed and microbial residues In one 
experiment, beef steers consumed a feed mixture containing was e 
wet fecal residue in an amount equal to 40% by weight of the tota 
ration They gained 1 4 kg per day and required about 700 kg of dry 
matter with 100 kg of gam (Anthony and Nix, 1962). Low-moisture 
silage with high nutritive value and excellent palatability has been 
made by combining feedlot manure and coastal bermuda grass hay. 
This silage served as the only feed for ewes for more than one year 
with good results as measured by lambing percentage 

Although very little use has been made of cow manure, it ap- 
pears that cattle operations— fattening or dairy — near urban centers 
could make effective use of their manure and simultaneously reduce 
problems of waste disposal Of course, there is the danger of spread- 
ing disease, and in many areas the manure is of equal or greater value 
for crop production 


Obviously there are numerous natural and residue products 
other than forages that could be used to advantage for livestock feed- 
ing Some of these sources can be developed through increased labor 
intensity— e g , gathering and drying of plant leaves to aid in alleviat- 
ing protein deficiency Also some of the coarser roughages could be 
used more effectively as earners for molasses However, processing 
plants are required to reduce the moisture content of many materials 
tor animal use and to permit storage This poses the question Should 
countries invest in programs to develop forage resources or allocate 
capital to processing industries that would supply feed? The best 
solution depends upon many factors But it could be argued thatproc- 
Sing industries will develop slowly unless supported by govern- 
ment mputs of capital, whereas, the private sector is more likely to 
invest in Forage production on its own 

nonprotein nitrogen compounds 

clMmedliv'™ non P r otein nitrogen products (NPN) have been ac- 
“ importani *»«*. ofUg®, wh.ch 

y utilized by ruminants to replace protein from cereal grains or 



FEED — CONCENTRATES, SUPPLEMENTS, ADDITIVES 


237 


to make up deficiencies on grasslands. The concept of using NPN is 
not new. As early as 1891 it was suggested that rumen microflora were 
able to convert NPN into true protein. Since that time thousands of 
experiments have been conducted on the utilization of various sources 
of NPN. Many excellent reviews are available— e.g., Krebs (1937), 
Barnett and Reid (1961), Blackburn (1965), and Loosli and MacDonald 
(1968). 

Numerous compounds have been tested as sources of NPN. 
These include ammonium acetate, bicarbonate, carbamate, and lac- 
tate, biuret, dicyanodiamide, glutamine, glycine, and urea. Of these, 
urea is currendy die most widely used, as cost and availability impose 
limitations on the others. 

Urea is both a natural and a synthesized NPN product; it occurs in 
plants and is a by-product of metabolism. The saliva of the cow con- 
tains a small amount of urea, which goes into the rumen along with 
that from the feeds. Urea dissolves and is hydrolyzed to ammonia by 
bacterial urease in the rumen. The ammonia can then be utilized by 
the rumen bacteria for syndiesis of the amino acids required for their 
growth. 

The primary justification for using synthetic urea supplementa- 
tion is to provide a source of nutrients for the microflora to prevent 
their extracting nutrients from die feeds; the supplementation thereby 
lowers the cost of the total ration. There are, however, limitations in 
the needs of the microflora which means NPN compounds can be used 
efficiently only up to a point. When ammonia is produced more rap- 
idly dian needed in die rumen or when its concentration becomes too 
high, the excess is absorbed directly into the blood stream, recon- 
verted to urea in the liver, and wasted by excretion through the urine. 
The animal’s level of water intake, adaptation to urea, and nutrition 
level, as well as die nature of die feed ration, all influence the amount 
of urea that the animal can use effectively. 

The addition of urea to the ration enables the livestockman to add 
protein equivalent widiout adding addidonal energy since urea con- 
tains no available energy although it is rich in nitrogen. The major 
disadvantages of urea are its low palatability and potential toxicity 
when fed at high levels. For dtcsc reasons it is generally recom- 
mended for cattle and sheep that urea should not exceed 1 % of the 
total ration, he no more dian 3 fo of the concentrate mixture, and con- 
stitute not more tlian one-third of the total protein equivalent in the 
ration. In actual quantities, this means that 0.2-0.5 kg of urea may be 
consumed daily by a cow, the range depending on the type of ration. 
In spite of these limitations, urea is already widely used with satis- 
factory results as a supplement in die temperate zones. Virtanen 
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(1966) reported ytelds of more than 4000 kg milk per year by cows n 
Finland fed diets in which urea and ammonium salts were the only 
sources of nitrogen In the tropical areas, however, the use of urea Has 
been limited for several reasons, among which is the high tnci ence 
of toxicity when urea is given to animals on poor diets 

In 1959 the estimated world production of urea was about 1 y 
million metric tons, but output is expected to exceed 15 million tons 
by the early 1970s There are two grades of urea -fertilizer grade, 
which normally contains 46% nitrogen or 290% crude protein equiva- 
lent, and feed grade, which has 42-45% nitrogen or 262-281% crude 
protein equivalent Although feed grade is preferred, fertilizer gra e 
may be used The fertilizer grade consists of larger particles, whic 
create problems of distribution when mixed with concentrates, bu 
this presents no serious difficulty when the urea is added to the plan 
matenals at the time of ensiling However, another problem that may 
anse with fertilizer grade is the type of conditioner (anticaking ma- 
terials) applied by the manufacturer Some of these may be toxic 
Numerous trials have been conducted to determine the most 
effective way of incorporating urea into the animal ration Currently 
the more widely practical methods involve (1) combining urea with 
molasses and feeding the mixture as a lick, spraying it on standing 
grass or dry roughages, or mixing it with cereal grains, (2) makings 
gelatinized starch and urea mixture (commercial name, Starea), which 
can be fed as a supplement in concentrate mixtures, (3) making a 
pelleted combination of urea and alfalfa meal, such as Dehy-100, (4) 
adding urea to silage at time of ensiling, (5) adding urea to mineral- 
ized salt, bone meal, or other mineral supplements and feeding die 
mixture as a lick, and (6) replacing part of the protein rich source in 
a protein supplement mixture The most effective means of utilizing 
urea depends on a number of factors, especially cost and availability 
of other feedstuffs 


Urea has been tested in various combinations with a large number 
ol the available roughages, cereal grains, and by-product feeds The 
mixtures with high proportions of cereal grain have generally given 
good results In the U S and Britain, urea is at present a low cost 
°J Gn SOUrce compared to plant protein, and consequendy a favor- 
? r ° duCerS f ° r fattem "g cattle and dairy cattle rations 
rations^ 18 no dlscnrnina tion on the market against meat or milk from 
equal to nmt!? 1 ” 8 In some ex Penments, urea has given results 
of the data shnw Supp er nents ^ om cer eal gram sources, but the bulk 
concentrate rahfT"^ 0 sl, 8htly inferior for fattening cattle on high 
concentrate rations Results have been satisfactory when urea pro- 
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vided 25% of the nitrogen, but at higher levels palatability bas been a 
problem. Many of the commercially mixed concentrate feeds given to 
dairy cattle in the U.S. now contain 20-35% of the nitrogen as urea, 
in place of soybean meal and other high protein feeds. This represents 
a substantial saving in feed costs. In Hawaii, urea plus soybean meal 
served as a supplement to a ration consisting of napier grass, 25% 
molasses, pineapple bran, and minerals. This ration gave milk yields 
only slightly lower than those from a conventional protein supple- 
ment but at a lower cost. 

Supplementation of low quality dry pastures by spraying with a 
molasses-urea mixture is an attractive idea. This has been tried ex- 
tensively in areas of South Africa and also in Oklahoma, but because it 
has not proved economically sound, it is rarely practiced by com- 
mercial operators. One reason that the molasses-sprayed grasses give 
poor returns compared to unsprayed grasses is that the molasses 
seems to affect the grazing preference of the animals, causing them to 
consume lower quality plant material than usual. The supplement 
must then compensate for the decreased intake of nutrients. Some en- 
couraging results have been reported. In South Africa, sheep grazing 
dry summer pastures lost 24% of their body weight over a 3-month 
period; the use of pasture sprayed with a molasses-urea mixture re- 
duced losses to 12%. But sheep given a grain supplement with or 
without urea lost only 4% of their body weight. In spite of some en- 
couraging results, there does not yet seem to be sufficient evidence 
that spraying molasses-urea onto low quality pasture will give profit- 
able results, although it could be an emergency measure during severe 
droughts. 

The usual practice of providing grazing animals with salt licks bas 
inspired development of formulations for giving cattle or sheep licks 
containing some supplementary urea. But there are at least three prob- 
lems with these mixes: the problem of getting uniform daily consump- 
tion, the hazards of toxicity from over indulgence, and the tendency of 
tire animals to restrict their range for grazing. A number of materials 
have been employed to increase or decrease the palatability of mix- 
tures in order to ensure regularity in intake of urea. Some mixtures 
currently in use are the following: (1) blocks containing 33% urea and 
superphosphate; (2) blocks with 40% urea, 10% molasses, 47.5% salt, 
2.5% sodium phosphate, and a trace of cobalt; (3) a mixture of 15% 
urea, 15% water, 10% superphosphate, 10% ground limestone, 10% 
bran, and 40% molasses; (4) a mixture of 10% urea, 30% wheat, and 
30% distillers solubles; and (5) a mixture of 25-10% urea with mo- 
lasses, salt, phosphate, cobalt, and copper. Trials with these and other 



240 FEED SUPPLIES 


mixtures have, in general, given beneficial results as supplements for 
grazing animals, but most tests have been of short duration. * 


grazing animais, uui musi. itow , f 

the value of using this form of urea on a year-round basw /f u ” 0 ' of 


Com silage can be supplemented by adding urea at the bme < 
ensiling or at the time of feeding Either way the urea may lower 1 
acceptability of the silage Adding at the time of ensiling has the ad- 
vantages of reducing labor and lessening the danger of toxicity. | e 
green chopped material should have a dry matter content in the mnge 
of 32-35%, otherwise, seepage losses will be high due to the hig 
solubility of urea Adding 5 kg of urea per metric ton of green choppe 
material at 33% dry matter should increase the crude protein con ten 
of the silage approximately 1 3% on a wet basis, which could raise the 
total crude protein of the silage 40-50% depending on the materia 
used The urea can be well distributed throughout the silo in a tower 
silo, but it is difficult to get uniform distribution in a horizontal silo 
unless filling is done by blower 

In warm climates the appropriate time for silage making is during 
the rainy season At that time moisture conditions are such that it is 
very difficult to get the green material wilted to as much as 40% dry 
matter Under these circumstances it is more efficient to add the urea 
at the time of feeding Good quality grass silage, sprayed with a mix- 
ture of molasses and urea, has proven satisfactory for maintaining 
pregnant cows and for wintenng growing cattle However, adding 
urea water solution alone to the silage before feeding has not proven 
very successful 

Experiments have shown that urea treated com silage placed in 
bunks for 6 hours dunng the summer changed from initial pH of 3 8 
to 7 0, indicating volatilization of ammonia If urea treated silages are 
used in a warm climate, they should be rationed for rapid consump- 
tion so as to minimize losses from the high ambient temperatures 
Urea-molasses mixtures, such as the commercial product More* 
Wlth SOme success ^ a means of adding urea to the diet of 
cattle These mixtures are fed in an open trough or sprinkled over 
roughages If the urea molasses mixture is offered free choice to graz- 
mg animals, the intake of forage may decrease to the point that no net 
Semen? h 1Ze t d ' efore - lf *<= "'■’‘hire is intended as a partial sup- 
other r ? SUltS , may be obta,ned by restricting intake On the 

Te^rs hit ? 8 ° f beneiicra! in some cases In 

son grain hav° WS n ? b mit ed amounts of cottonseed hulls and John- 

.11 elects (Rigg" S " asu ™ d over 5 5 kg of mm per day without 

equal 30% — l Tbesupplementeonsistedofmolasses.ureato 

- — o7s% phos ‘ 
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Urea-molasses mixtures sprayed over roughages, such as dry 
straw, will increase the intake of the straw by cattle or sheep, but the 
digestibility of dry matter or crude fiber is not improved. Thus, a 
small supplement of urea may improve the intake of poor quality 
roughage and thereby supply more digestible energy to the animal. 
The supplement may also improve the nitrogen status to the point 
that rate of weight loss may be reduced. But urea-water or urea- 
molasses mixtures fed with straw or other low quality roughages will 
not provide the energy needed for growing or lactating animals. Urea 
can be employed profitably with these roughages only for mainte- 
nance rations. 

The sudden introduction of urea into a ration has often resulted 
in lowered feed intake, decline in performance, or both; hence, it is 
best to introduce the urea by gradual increases over a 2-week period 
or longer. Once the animals have adapted to rations with urea, they 
should remain on the diet; otherwise, serious fluctuations in feed in- 
take may result. The adaptation to urea seems to be lost quickly when 
no urea is fed. Efficient use of urea is favored by feeding regimes that 
provide small amounts of urea to the rumen microflora throughout the 
day, in contrast to once- or twice-a-day feeding schedules. 

Due to the soluble nature of urea and the rapid release of ammo- 
nia, high intakes of urea in a short time can cause illness and even 
death from the toxic effects of the ammonia. Most cases of urea poison- 
ing result from improper feed mixing or improper feeding. The first 
symptoms of toxicity become apparent 20 to 30 minutes after con- 
sumption, when the animals initially show signs of uneasiness, in- 
creased salivation, and slight incoordination. These symptoms may 
progress to severe incoordination, heavy breathing, failure to stand, 
tetany, and death. Death may occur from 1 to 3 hours after the initial 
symptoms. A 5% solution of acetic acid is an effective antidote if given 
orally before tetany occurs. 

It must be borne in mind that urea provides no energy to the rumi- 
nant, which means a continuous supply of available energy is needed 
for maximum utilization of urea. Some form of starch is considered 
best for this because molasses is fermented very rapidly in the rumen 
and is not available for very long. Cellulose and feeds with high fiber 
content do not provide energy fast enough for best use of urea. Feeds 
With a high carbohydrate content (Table 7.1) are the most satisfactory 
components of urea containing rations. If the ration contains adequate 
protein for the animals' needs, there will be no advantage to adding 
urea, as it will only be lost through the urine. 

Studies have shown that urea has no practical value in swine or 
poultry rations. There is evidence that lambs do not utilize urea as 
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efficiently as older sheep and cattle And in general, sheep do not ap- 
pear to respond to urea supplementation of low quality dry roughage 
or silage as effectively as cattle Since calves are essentia y non 
ruminants in the early weeks of life, feeding supplements containing 
urea should be delayed until after the animals have reache 
weeks of age Afterwards, the concentrate mixture may contain 1 
2 0% urea Depending upon the type of feeds provided, lactating cows 
can use up to 3% urea in the concentrate mixture satisfactorily e 
same holds true for beef cattle on fattening rations When dry cows, 
ewes and other mature groups of these species are being maintaine 
at a constant weight, urea may make up as much as 1 % of the tota 
ration Again, the type of ration and the system of feeding are im- 
portant considerations in the effectiveness of the urea supplementa- 
tion 

It is important to fortify urea containing mixtures with minerals, 
especially calcium and phosphorus This is most critical where the 
urea mixture replaces cereal grains or oil seed meals, which serve 
as sources of these and other minerals 

In summary, the current status of knowledge about urea feeding 
shows that it is not the complete answer for alleviating the protein 
deficiencies that occur with ruminants grazing native tropical forages 
But clearly it can be very beneficial, particularly in making more 
effective use of some of the by-product feed resources described 
Biuret, a much less investigated product, does not appear to be toxic, 
and it has a slower release rate of ammonia, which could make it more 
useful than urea in conjunction with grazing In any case, the wide 
interest in reducing the dependence of livestock on protein from 
sources that must also be used to meet human needs means that re- 
search on non protein nitrogen resources for livestock feeding will 
continue New products are already being developed to overcome the 
pa ata i lty problem of urea, to slow the release of ammonia in the 
rumen, and to increase the amount of NPN that can be utilized by 
ruminants 


OF MATERIALS 

TO ENHANCE FEEDINC VALUE 
Grinding 

' S presented '» the animal is important m 

and pelleting of rouEh'a bl lty ft " d efficienc > r of utilization Grinding 
gbages often increase intakes Grinding may en- 
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hance palatability and increase the absorptive capacity per unit of 
weight. For example, animals will consume more molasses with 
bagasse or com cobs if these materials are ground. Grinding of some 
materials will uncover the cellulose originally protected by lignin or 
change the pattern of cellulose from crystalline to amorphous type, 
thus rendering it more susceptible to the action of the microbial cel- 
lulases. Grinding and pelleting of roughages in mixtures with con- 
centrates often result in better performance and in the production of 
a narrower acetate to propionate ratio. The higher propionic acid gives 
better efficiency of energy utilization since it is a glycogenic (carbo- 
hydrate-storage) compound. Pelleting appears beneficial mainly when 
the ration contains a high percentage of roughage. Some research has 
also indicated an increase in nitrogen retention as a result of pelleting. 

Grinding will increase the rate of passage through the digestive 
system thus lowering the digestibility of roughages and consequently 
their value in total digestible nutrients. On the other hand, grinding 
may lower the heat increment per unit of intake. This would partially 
compensate for the lower TDN. Therefore, the net energy value of 
ground roughages may not be greatly different from that of non-ground 
materials. The main advantage of grinding is to increase total intake of 
the roughages. Grinding forages with high cell-wall content (grasses) 
results in greater improvement in consumption than it does in the case 
of forages with low cell-well content (legumes) because there is more 
to be gained from the reduction in volume of the feed. 

Meyers et al. (1965) have reviewed the research on the effects 
of grinding and pelleting or roughages on the rate of passage of the 
digesta through the alimentary tract, digestibility, volatile fatty acid 
production, and animal gains. The review deals principally with 
temperate zone roughages as there has not been much research done 
on grinding and pelleting of tropical roughages. 


Heating 

Experiments indicate that heating or cooking cereal grains may 
change the propionate-acetate ratio enough to improve the efficiency 
of energy utilization. The commercial mixture of gelatinized starch 
and urea (Starea) is another example of how heating can be employed 
to improve the utility of materials. Cooking may sometimes have the 
net effect of reducing the biological value of the material by loss of 
vitamins. But it is often essential for the reduction of toxicity, as with 
cassava, or the control of diseases, as with garbage collected from 
urban centers and slaughterhouses, such as bone meal. 
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Chemical Treatment 

Numerous deligmfymg agents have been tried to improve the nu 
tntive value of roughages Numerous tests made m India, Europe, an 
the USSR have shown varying degrees of success m the use of a a 1 
compounds, such as NaOH, to improve the feeding value of coarse 
roughages The sodium hydroxide treatment vv ill make the car >o- 
hydrates more soluble and thereby improve feeding value The tota 
digestible nutrient percentage of straw may be increased 15-30 o 
through such treatment Consumption also doubles or triples wine i 
constitutes a significant net effect There is evidence that the feeding 
qualities of bagasse can be improved by chemical treatment Tests 
in Puerto Rico comparing bagasse rations treated with NaOH to un 
treated bagasse rations (the rations consisted of 40% bagasse, 27% 
molasses, 18% com, 10% fish meal, and 2 7% urea, plus minerals and 
vitamins) showed a marked advantage for the treated bagasse ration 
Lactating Holsteins were fed one of the two rations free choice The 
average daily intakes were 22 5 kg for the treated and 17 1 kg for the 
untreated The higher intake was reflected in a higher milk yield per 

day in the first 90 days -22 5 kg vs 17 1 kg, or about 30% in favor of the 
treated Total lactation yields favored the treated bagasse ration by 
15% These results show NaOH treatment improved acceptability by 
the cattle, as expressed by intake plus improving digestibility 

The disadvantage of such treatment is that it requires a good deal 
of washing and drying, which causes some loss of soluble constitu 
ents and necessitates greater inputs of labor The extra labor require- 
ments might not be a senous limitation in certain areas, but the cost 
°l the alkali, the large volume of water required to neutralize the 
alkalq and the tanks required for holding the material might make 
this treatment unfeasible The cost of treatment in Puerto Rico, how- 
ever, was reasonable - 58 00 per ton There was about 30% loss of 
mit^! U J e u! re r tm 1 nt process - bringing the total cost per ton of 
treatment aV T ^ e ^ feedlng lo approximately $13 00 per ton The 
afte^reahS a ", T* !" l dry area 50 ^ material could be air dried 
the cost of tri^r™ ° ° ^ 1S me chamcal!y would have nearly doubled 
Calcium I. I 6 ” a , nd . made dle feasibility of feeding questionable 

s«ra“r d m c„ h ^°„b s de ^r f lS0 , Wn r d 35 a ag en. ^ 

NaOH treatment l, ,7^ feeding value is about the same as with 
cium is less obiert" i!^ advanta ges because the residual cal 

P.oce« ** S ° dlUm The hydrOX ‘ de 

Rice huT , ' , a n ex P ens ive of the two 

treated with ammonium hydroxide under pressure 
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gave better gains for sheep than untreated hulls at a level of 10 and 
20% of the ration. Such treatment was intended for the hulls to be 
used with a nonprotein nitrogen supplement. This product is used in 
the southwestern U.S. 

There is some evidence that specific lignin decomposing bacteria 
from the soil may serve to decompose lignin microbiologically and 
thereby improve feeding value. Researchers in Japan have recom- 
mended the use of a preparation of bacilli, yeast, molds, and enzymes 
for the fermentation of roughage to make it more useful in poultry 
and livestock feeding. For a time a product of this nature was used ex- 
tensively in the Philippines with rice by-products for swine and poul- 
try feeding, but the practice has been largely discontinued due to in- 
consistent results. 

Although none of the processes indicated for changing the form 
of feeds have been employed widely in tire warm climates, more con- 
sideration of these processes seems definitely warranted. 


FEED ADDITIVES 

Antiobiotics, hormones, and other drugs and chemicals, as well as 
numerous fermentation products, are being marketed for use with 
farm animals. Most of these products are claimed to stimulate growth 
or in some fashion improve the health and performance of animals. 
Their use is especially widespread in the U.S., Japan, and other tem- 
perate zone countries. With the introduction of temperate zone tech- 
nology and breeds of animals, the practice of using antibiotics and 
drugs has been accepted in tropical areas in conjunction with swine 
and poultry production. Many feed and pharmaceutical manufacturers 
are attempting to expand the sale of various feed additives in the 
tropics. Even though many of these materials are not deemed dietary 
essentials, they may prove of value in some situations. 


Antibiotics 

Since antibiotics are drugs and not nutrients, their influence on ani- 
mal nutrition is secondary. The inode of action of antibiotics is not 
clear although several theories have been proposed. There is evi- 
dence both pro and con that antibiotics conserve protein, amino acids, 
and vitamins. Several experiments have shown that chicks and pigs 
gained as well on 1 to 3% less protein, but the suggested increase in 
nitrogen retention has not been borne out in balance studies. 
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1 function through selec- 
s — either by favor- 


It has been proposed that antibiotics may f 
tive action on the microorganisms of the intestines- 
ing the synthesis of nutrients or hy contro ling transmissible gei i 
either pathogenic or nonpathogenetic which accumulate in 
lots where animals have been kept for a long time or by avor 
synthesis of nutrients This view is supported by experiments 
which calves and other animals treated with antibiotics showe 
creased growth rates in quarters where animals have been kep o 
long time, but not in clean quarters Other studies have shown 
conventionally reared chicks and pigs respond to antibiotics, 
germ free ones do not although they gain as rapidly 

Animals receiving antibiotics have shown faster growth ra ^ 
and attained a given weight on less feed, possibly because a grea e 
proportion of the total feed was available for growth Often it has a so 
been observed that antibiotic fed animals consume more feed j 1 
can not be fully accepted because antibiotic fed animals limited to t ie 
same feed intake as controls have often failed to make faster gains 
Nutritional experiments as balance studies have not demonstrate 
that antibiotics uniformly improve digestion, absorption, or retention 
of nutrients by animals In the main, it seems that antibiotics are o 
most value in alleviating health problems, which influence feed eui- 
ciency 

Research shows that certain antibiotics added to good rations as 
well as those inadequate in total energy improve many times the 
early growth rates of chicks, turkey poults, pigs, lambs, and calves 
The degree of stimulus is associated with the type of antibiotic, level 
of feeding, and sanitation conditions For instance, chlortetracychne 
and oxytetracycline will increase the growth rate of calves and lambs, 
but penicillin has not proven effective Certain forms of bacitracim 
streptomycin, and other antibiotics have given less consistent growth 
stimuli, or none at all (Maynard and Loosli, 1969) 

Studies have shown that pigs respond to supplements of chlortet 
racyclme and oxytetracycline, as well as oleandomycin, tylosw, 
spiramycin and virginiamycm-at least during early weeks of l»e 
ouch supplements increase their total daily feed consumption, mak 
mg less teed required for a unit of gam from weaning to market weight 
JL»° 57 nu r rab , er ° f days on feed Generally, 4% faster gam on 
feed,™ Per Un,t of 8=““ “ expected Hence, antibiotic 

tZcn T reduce the feed needed f ° r a end Of gain, decrease the 
moth H T" 6 * e deS,red "eight, “ d lower the losses from 
when ted mortality This .s enough to favor the use of antib.ot.cs 
ing is or maximum rate of gain In some experiments anti- 
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biotic feeding resulted in increased dressing percentages and greater 
thickness of back fat of swine, but because of greater fat percentage 
in the body, the carcass grade was lowered. 

The quantity of antibiotics generally incorporated into rations for 
pigs and chicks is from 5 to 10 g per ton of feed, while milk replacers 
and concentrate mixtures for calves contain 20 to 30 g per ton. Chlor- 
tetracycline and oxytetracycline have proven best for chicks, pigs and 
calves. And penicillin and streptomycin are used to reduce scours in 
calves, although penicillin may have a depressing influence on rate 
of gain. Zinc bacitracin has also come into use in calf-starter rations. 

Results differ on the effects of antibiotic feeding for beef cattle. 
Aldiough favorable growth response has been obtained when chlortet- 
racycline was fed to suckling calves; there is a problem of assuring 
uniform intake. In feedlot operations, antibiotic feeding may help pre- 
vent foot rot, some respiratory infections, and liver abscesses, or 
reduce the morbidity when these diseases occur in fattening steers 
or heifers. Antibiotics have not been found in the meat of animals 
fed at growth stimulating levels, but at high levels of feeding residues 
can be detected in the meat. Regulations usually require that anti- 
biotics be withdrawn from the diet several days before slaughter. In 
any case, there is little or no risk to the user of the meat since anti- 
biotics in common use are destroyed by cooking. 

Feeding antibiotics to lactating dairy cows does not seem to 
directly influence milk yield, although field trials in commercial herds 
have shown improved performance resulting from better health, 
especially, reductions in frequency of foot rot, respiratory infections, 
and other disturbances. Low-level feeding (22 mg per 100 kg of body 
weight per day) is not an effective cure for foot rot, mastitis, or other 
specific infections, but this level does appear to reduce the incidence 
and severity of these infections in dairy herds. At this level of intake 
antibiotics will not appear in the milk, but if the intake is 110 mg or 
more per 100 kg, the milk may contain appreciable amounts of anti- 
biotics. 

Antibiotic feeding of lambs has given variable results. Even in 
drylot feeding its use is not as widespread as with cattle. Experiments 
in Texas showed that feeding 100 mg of chlortetracycline by capsule 
to lambs caused feed refusal and weight loss. Tests with penicillin 
and streptomycin gave similar results. On the other hand, daily in- 
takes of 5-20 mg of these drugs did not reduce appetite, and intakes 
of 20 mg of chlortetracycline per kg of feed resulted in slightly faster 
gains. Results of experiments with lambs are about equally divided 
between some improvement in gain and no change. The use of anti- 
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biot.cs as implants has not proven effective in reducing mo ty 
newborn lambs The current consensus is that there is as yet no clear y 
established place for antibiotic feeding with sheep 

Age of the animal is an important factor in determining the enecu, 
of antibiotic feeding Young animals show the most pronounce in 
fluence With the recommended levels of feeding there is no senou 
carryover effect after withdrawal In fact, there is a decline m grow 
rate immediately after withdrawal If the young animals are remove 
from quarters with a concrete floor to pasture or dirt lots in areas 
where internal parasites prevail, the decline in performance may ® 
more dramatic A senes of tnals conducted in Colombia showed t a 
dairy calves reared on concrete and fed starter with antibiotics a 
much poorer gains from 6 to 12 months of age after going on pasture 
than calves reared from birth to 6 months in small, individual pens on 
a grass sod without antibiotic feeding before going on pasture 

While antibiotic feeding may reduce the frequency and duration 
of health problems, the recommended levels of feeding will not en- 
tirely prevent health problems In other words, antibiotic feeding 
may help, especially when the animal is exposed to pathogenic organ- 
isms, but it cannot be expected to replace sanitary practices and 
proper nutrition and management The value that antibiotics may 
have in assisting animals to withstand the stress of the physical en- 
vironment in warm climates has not been discerned This area needs 
further research 


Feeding large amounts of antibiotics to cattle over a year of ag e » 
or sheep beyond 6 months of age, that have not been previously a c ' 
customed to receiving this type of feed, may result m serious tern 
porary reductions in feed intake, diarrhea, and lower digestibility 
of the feed 


Hormones 


Certain hormones have proved effective as growth stimulators It > s 
common practice in the U S and some other countries to use estro- 
jctic compounds with estrogenic activity, such as stil- 
be tro (d, ethyls, dbestrol), either m die feed or as implants during the 
“s mv f„ P T F f Ule and lambs The recommended amounts- 
-iuse and 2 f 36 ras for ca ttle, given m one or more doses 

efficicnev TtY slHtu ^ cant improvements in rate of gain and feed 
depending onYh^T 05 ln ^ ° f gam re P orl ed range from 5 to 28 /«. 
ofstilbestrol J, rt “c and breeds «r™lved Although the use 
other hormones in conjunction with grazing is much 
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less common than use with drylot feeding, experiments in southeast 
Georgia (McCormick et al ., 1961) and Colombia (ICA, 1968) have 
shown that some hormones may also be effective for cattle on pasture. 
In Georgia, steers implanted with 15 mg of stilbestrol gained 25% 
more rapidly than controls on pasture plus limited concentrates. In 
Colombia, steers implanted with 36 mg stilbestrol, grazing at the level 
of one animal per hectare for 196 days, gained at the rate of 0.6 kg per 
day, which was 22% faster than the rate for nonimplanted controls. 
Other trials in Colombia indicate 200 mg progesterone plus 20 mg of 
estradiol may stimulate gains as much or more than those from stil- 
bestrol. 

A number of countries have restrictions on the use of stilbestrol. 
Equally significant in discouraging the use of this hormone in many 
tropical areas is the discrimination in the markets against animals 
carrying appreciable amounts of fat. Even so, the use of stilbestrol 
will probably increase in some areas with the development of im- 
proved pastures for finishing cattle or lambs to market weight. Experi- 
ments are underway in Puerto Rico to determine the value of stil- 
bestrol for steers and bulls grazing highly fertilized grass pastures. 

As pointed out in Chapter 4, high ambient temperatures tend to 
reduce thyroxine secretion rate. Theoretically, the use of thyroid- 
active materials to stimulate growth of body tissue and wool as well 
as secretion of milk by creating a mild hyperthyroidal state is attrac- 
tive. Until now this hypothesis has received very little attention ex- 
cept in a few studies in temperature controlled laboratories. Current 
results indicate that attempts to restore or maintain high levels of 
thyroxine by supplementary feeding of iodinated casein may worsen 
rather than improve animal performance. 

In the temperate zones, thyroprotein feeding has increased the 
growth rate of young pigs and calves under some conditions. The re- 
sults with calves have been variable. Feeding thyroprotein to lactating 
cows has increased milk yields and fat percentage at least during 
short experimental periods. Experiments in New York State showed 
that cows fed iodinated casein from 50 days after calving through the 
day of “drying ofF’ did not have total lactation yields higher than con- 
trols. The maximum increase in yield was 8.8%. After the twenty- 
second week yields of the treated groups dropped below those of 
their control painnates. There are also indications of carryover effects 
from thyroprotein feeding, such as reduced breeding efficiency which 
make its feasibility questionable. It may be employed satisfactorily 
for short periods of time to increase milk yield of an entire herd but 
while it is being fed, more feed must be provided. Attempts to in- 
crease the weaning weight of beef calves, lambs, and pigs have met 



250 FEED SUPPLIES 


w.th variable success Difficulty m obtaining uniform rate of intake 
by suckling animals is a real problem extra 

In general, the cost of the source of thyroxine, the of 

feed to make thyroprotein feeding successful, and the , ^ 

getting uniform intakes, particularly where the main source o d 
pasture, make the use of thyroprotein of questionable valu 
tropical areas It could be, however, that for some enterpn 
urban centers the practice would be warranted . 

Tluourat.il and other goitrogens, which interfere with tne 
secretion of thyroxine by the thyroid gland, have been tes e 
livestock These compounds depress growth but increase ra e o 
temng Dielhylstilbcstrol in combination with thiouracil vvi 
prove finish and market quality without depressing growth ra e 
poultry, hut goitrogens appear to be of little value in finishing a 
and pigs Similarly, the results with fattening cattle have not ee 
considered very successful Hence, thyroid regulating compoun ^ 
are currently of little practical importance Inasmuch as the physica^ 
env ironment of much of the warm climate areas tends to suppre 
tli>roid activity, these compounds are likely to be of less value iher 
than in the temperate zones 


Other Feed Additives 


Arsenic compounds are often used to prevent certain diseases, such as 
coccidiosis in poultry Like antibiotics, they may also stimulate 
growth of clucks and pigs, especially under unfavorable conditions-* 
that is, when the chicks or pigs are unthrifty or exposed consistently 
to disease organisms Arsamlic acid and 3-mtro-4-hydroxy-phenyIar* 
seme acid have been employed most widely for swine and poultry 
at levels of 0002 to 0 009% of the total diet But since arsenic com- 
pounds are highly toxic, mixing them into the feed must be done care- 
fully Healthy animals maintained under good sanitation practices 
exhibit little benefit from arsenic materials Dairy calves have shown 
no responses to arsenic compounds 

Numerous other malenals. sueh as enzymes and rumen cultures, 
nave been tested as feed additives, but their use has not become w ide- 
, “! ? ra t Ut ? 1 fttd,,lK due inconsistent experimental results. 
X’v. U \ of ^variability of standardized products Since feed 
‘ WV * Product of temperate zone evaluation, tbc> 

conditions *?J| iru t ,n * 1 t t dy tested before application to environment! 
ton unions of the warm elmutes 
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TABLE 7 2 „ , . 1 

Rfldrms. itii/i percentages of mrt«us InBmwnI*. used 
feeding livestock and poultry in tropical areas 

sui crssfully for 




Poultry 





Layer 0 


Su fnr 

broilers 

breeders 

Ingredients 

1 2 3 

All 3 

1 2 
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70 
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10 
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2G 

10 
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TABLE 7 2 (con’t) 


Dairy Cows 


Cone suppl 

Comp 

i ration 

Dairy 
calves 
(3 mo +) 

Fattening 

cattle 

Work 

oxen 

Ingredients 

1 

2 3 

4 

5 

6 

1 2 

30 

55 40 

37 



10 



Com, ground 






20 



Cassava meal 

Bananas, mature 







35 


Citrus pulp 

30 

40 







Gram (Mung bean) 



25 

6 

6 

7 

10 49 

2 
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14 

12 




Pineapple bran 

10 





30 


5 

Rice bran 






8 



Rice screenings 

Sorghum, ground 


20 







Wheat bran 

Com gluten feed 

Com bran 
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6 



5 
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20 

25 




10 

17 
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Fish meal 

10 

15 

9 



10 
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Meat fit bone meal 
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Soybean meal 







12 


Protein supplement (24% 
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88 
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38 


Green maize 




75 
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74 




Pineapple silage 

Bone meal 



2 



o 

1 1 


Mineral & \it suppl 
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dian breeds of cattle that had been developed from nutrition experi- 
ments conducted in India. The estimated requirements were some- 
what lower than those from the temperate zone. But in the more recent 
edition (Sen 1964) the recommendations for cattle in India represent 
an average of the low and high values from Morrison’s standards. 
Therefore, temperate zone technology is currently the guide for feed- 
ing domestic livestock throughout the world. The allowances in these 
standards are, in general, set higher than average requirements to 
provide a margin of safety, since most practical feeding programs are 
intended to provide for groups of animals that may at a given time in- 
clude individuals of different ages, stages of pregnancy, or levels of 
milk production. In Chapter 4 it was pointed out that when the am- 
bient temperature exceeds 27°C there could be a significant increase 
in the animal’s requirements for body maintenance. The margin of 
safety in the allowances of NRC and Morrison may not he sufficient 
for the increased energy needs for maintenance, but clarification must 
await further research. 


At present the livestock producer in the tropical areas must, of 
necessity, approach evaluation of his feeding program empirically 
due to the possible inappropriateness of the accepted standards for 
his herd or flock. Another serious limitation is the paucity of informa- 
tion on assessment of the feedstuffs available locally. The digestion 
coefficient of the local forages may fluctuate 20% or more, depending 
on stage of maturity or extent of dry period. As indicated above, the 
nutritive value of a by-product, such as rice bran, may likewise vary 
20%, depending on method of processing. The lack of standard guide- 
mes for livestock feeding is a particularly serious problem in the 
warm climates, where the limited feed resources should be utilized 
with maximum efficiency. Portions of Chapter 14 deal further with 
management of feed resources. 
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Characteristics of 
Breeding Stocks 


In discussions about the development of viable livestock enterprises 
in warm ctanrates we nften hears radically opposed views-. “Much 
of the needed change could be brought about by improved breeding/’ 
versus “There is no point in attempting any genetic improvement in 
this region.” The latter case could better be stated: “Until manage- 
ment can be changed, by means of such improvements as quality 
feeds, more uniform feed supplies, and some measures of disease and 
parasite control, there is no point in planning for genetic improve- 
ment.” Our current knowledge supports this position but we ought net 
to accept it as final, for if we did, our inaction in this sphere would 
shut out any possibility of genetic improvement. A more profitable 
approach would probably be to include breeding as part of the over- 
all program of livestock improvement. Selective breeding is a slo\v 
process; consequently, as plans are projected for developing livestock 
production, they should include consideration of stock with greater 
genetic potential than the current stock. This is especially true if 
selective breeding is contemplated from within existing stocks be- 
cause the decisions made on identification of those animals which 
will contribute most to subsequent generations can not be measured 
for a number of years. In the meantime, there is an opportunity to 
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improve husbandry conditions. In short, decisions about breeding 
should be made with respect to the anticipated future of husbandry in 


This chapter and the two following chapters provide a brief sur- 
vey of some of the characteristics of the stocks presently being used 
and certain systems of breeding that may be employed for increasing 
their genetic potential. (Some groups are referred to as types which 
means they are distinguishable by some phenotypic characters, while 
others are identified as hreeds, meaning rather specific standards ot 
phenotypic traits have been described). 

There are many types of domestic livestock and poultry existing 
in the N-S 30° latitudes. Among them are (1) groups indigenous to the 
areas— that is having existed in the area, as far as we know, nearly 
since domestication or at least for several hundred years; (2) admix- 
tures among local types and groups introduced from elsewhere; and 
(3) groups recently introduced from other areas, principally western 
Europe and North America. 

Most indigenous types are the result of “natural selection” pro- 
duced by the pressures of the environment and some selective breed- 
ing on the part of man. Even the illiterate farmer or nomadic tribes- 
man, with no knowledge of the formal principles of genetics and 
animal breeding, has usually been aware of the relative merits of his 
animals and the concept that like begets like, and has consequently 
exerted some selection pressure in favor of animals superior in pulling 
power, milk yield, or meat production or even color pattern. Uniform- 
ity within groups occurred with geographic isolation. Or sometimes 
a large land holder, community leader, or governmental agency be- 
came interested in a type and by example, as well as by providing 
breeding stock, influenced the type of certain groups of animals. 

Apart from man’s efforts to direct breeding, natural selection has 
played a role in the establishment of types that could survive the 
rigors of extreme environments, such as the camel of the desert and 
the yak of the Himalayan highlands. 

It is far beyond the scope of this book to describe, or even list, the 
identified groups of livestock in the N-S 30° latitudes. The world dic- 
tionary prepared by Mason (1969), as well as reports by Epstein 
(1969), FAO, Joshi and Phillips, (1953), and Joshi et ah, (1957) and 
other publications, should be consulted to get a more complete pic- 
ture of the species and breeds of livestock in various countries. 


CATTLE 

There are dozens of more or less distinct breeds of cattle, all stemming 
originally from two species, non-humped ( Bos taurus), and humped 
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(Bos indicus). Bos taurus, usually synonymous with “European type” 
cattle, has been developed largely outside the N-S 30° latitudes. Bos 
indicus, referring to “Zebu type” cattle originating in southeast Asia, 
especially India, characterizes the most widely distributed groups 
within the tropics. Crosses between the two types are fertile, and the 
last century has seen a vast mixing of these species. The pure Euro- 
pean types predominate in Europe, northern Asia, North America, a 
portion of north Africa, and Australia. The Zebu types predominate in 
southeast Asia, central Africa, including the island of Madagascar, and 
Latin America. Cattle of an intermediate type— those with phenotypic 
characteristics indicating early crossing between Bos taurus and Bos 
indicus— are numerous in both the northern and southern portions of 
Africa, the southern part of central Asia and Asia east of the Himalayas. 

The European breeds that have been used most widely in the 
N-S 30° areas are the Holstein and Jersey, as dairy breeds, and the 
Shorthorns and Herefords, as beef breeds; however, the Charolais is 
rapidly increasing in popularity. It is difficult to discern which breeds 
of the Zebu type have had the greatest impact outside their native 
habitat. The breeds most widely used for milk in experimental pro- 
grams of various countries have been the Red Sindhi, Sahiwal, and 
Gir from India and Pakistan. Those most used for beef production in- 
clude the Kankrej, Ongole, and Gir, also from India and Pakistan. Of 
the intermediate types, the Boran of central Africa seems to have 
proven most popular outside its home territory. 

With the exception of India and Pakistan, the current cattle 
populations of nearly all countries consist of an “indigenous type”; 
an intermediate type, resulting from crossing between the indigenous 
breed and other breeds, either Bos taurus or Bos indicus; and “high 
grades” of either Bos taurus or Bos indicus. For example, in Taiwan 
there are three native breeds of the Zebu type which were brought to 
the island from South China in the days of Chinese colonization. 
These have been replaced almost completely by crosses with breeds 
from India for draft and beef. Various gradations of Holstein breed- 
ing predominate for commercial dairying. A similar situation has 
occurred in the Caribbean islands and Latin America where the 
Criollo, or native-type cattle, have now been largely replaced by 
gradations of Zebu for beef and Holstein and Brown Swiss for dairy 
purposes. 

In Burma, Thailand, Cambodia, Indonesia, the Philippines, and 
other countries in the immediate vicinity, including New Guinea and 
northern Australia, are found the most "primitive" type cattle in the 
world today— the Bateng (Bos sondaicus). These cattle are small in 
comparison to other cattle; and the ones that have remained in 
Isolated areas longest have many of the phenotypic characteristics of 



FJCURE 8.1 

The Sahiwal is considered the best dairy breed among Bos indicus, with selected 
cows producing over 5000 leg of milk in a lactation They are rather short-legged 
and heavy boned as compared to most other Bos indicus breeds. (Courtesy H. C. 
Pant). 


deer— short tail, sloping rump, small bones, and branching horns. In 
other locations the pure Bateng has been replaced by crossing with 
Zebu or European breeds. 

India and Pakistan remain the largest reservoir of “pure Zebu” 
types. Joshi and Phillips (1953) classified the cattle of the Indian sub- 
continent into 6 main groups according to area of origin and pheno- 
typic characteristics, such as color, shape of head, and homs. They 
described 28 recognized breeds distributed among these groups. For 
this same area Mason (1951) classified the cattle, mainly on the basis 
ot utility into 7 major groupings and 37 breeds. The terminology 
emp oye y Mason is descriptive and indicative of the emphasis 
placed on selection for certain characteristics. The groups, with an 
exampie of a breed in each, are as follows: (1) large dairy type, e.g., 
iwa ( igure 8.1); (2) lyre-homed or heavy draft, e.g., Kankrej; 
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FIGURE 8 2 

The Hanana is one of the most widely distributed breeds in India It is considered 
dual purpose - draft and milk The bullocks are popular for field work They are 
grey-white in color with horns shorter than those of most Indian breeds (Courtesy 
H C Pant) 


(3) grey-white shorthomed or medium draft, e.g., Hariana (Figure 8.2), 

(4) Dhanm or black and white medium draft, e.g., Dhanni, (5) Mysore 
(South India) or rapid draft, e.g., Hallikar (Figure 8.3), (6) Gir (west 
India) type or milk and slow draft, e.g., Gir, and (7) hill type or small 
cattle, e.g., Purnea and Deshi (see Figure 1.5). 

Mature body weights of females for the breeds listed are 386, 422, 
356, 315, 375, 385, and 182 kg, respectively. Mature males are usually 
20-30% heavier. The characteristic milk yields are highly variable, 
with average lactation yields of about 250 kg for the Pumca and Hal- 
likar breeds up to oxer 1800 kg for the Sahiwal breed. Certain herds of 
Sahiwals haxe achieved an average yield of 2300 kg, and individual 
cows have produced more than 5000 kg in a single lactation. The 
average age at first calving is 42-51 months on improved farms and up 
to 5-1 months among village cattle. Although there is some indication 
that certain breeds calx e later than others- e.g., 51 months for Sahixval 



FIGURE 8.3 

A bull of tbe Halhkar breed, found chiefly in southern India (Mysore State). A long 
head and erect horns are characteristic of the breed These animals are useful for 
rapid draft, but the cows are poor milkers (Courtesy H C Pant) 


and Hariana versus 42 months for the Red Sindhi and Bhagnari breeds 
—the high intra herd variability for this trait suggests this may be in- 
fluenced by environmental conditions rather than by heredity. The 
mean lactation length varies among breeds, but seems closely related 
to total yield. Sahiwals, for example, have a mean lactation length of 
around 300 days, as compared to 167 days for Hallikar. The calving 
interval is well over a year in all Indian breeds (range 4 10 to 580 days) 
and mortality for females between birth and one year of age ranges 
from 15-50%, depending on the general herd environment and the 
° f Serious disease outbreaks. Some herds have lost up to 
iQ7fn the ‘ r CalVCS Under ° ne year of aRe in a sinRle y ear <NS ere » 
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The Indian Zebu, whether kept as a family cow or in one of the 
Indian milk colonies, is for the most part milked with the calf pres- 
ent, therefore, the milk yields reported infrequently include the milk 
consumed by the calf Shortened lactations and lower than average 
yields following the death of the calf, especially m the early part of 
lactation, have made milking with the calf present the accepted 
practice in India and Pakistan On the other hand, the Sahnval herd 
at Pousa, India has been milked a number of years without the calves 
present The mean gestation length for Zebus is from 283 to 291 days, 
which is somewhat longer than for the majority of European breeds 

The Indian Zebu males begin fertile services at 2 '/, to 3'/ z years 
depending on breed and level of feeding The bullocks are also put 
to work in this same age range 

For Africa, Joshi et al (1957) describe 8 groups of indigenous 
types according to location and phenotypic characteristics— mainly 
presence or absence of humps, position of hump (thoracic or cervical), 
size of horns, and color markings Using location and these traits, they 
subdivided the groups into 33 major breeds The 8 larger groups are 
described as follows (1) The humpless cattle of the lower Nile Valley 
include the Damietta of Egypt and Syna (2) The Zebus of the sub 
Sahara have many characteristics similar to those of groups native to 
the India subcontinent (3) The N'Dama of West Africa is representa- 
tive of the humpless, straight-backed cattle (Figure 8 4) (4) The Kun 
type cattle of the Lake Chad region are characterized as humpless but 
with bulbous horns (5) The Nguni (Figure 8 5) of Uganda represents 
cattle that are medium in size with large or medium sized, lyre-shaped 
horns, small humps, and moderately sloping rumps (6) The types of 
East Afnca are a conglomerate of groups, but m general they appear 
to be predominately derived from Zebu stocks of India The Boran 
is one of the most widely dispersed breeds of this group (7) The 
Sanga (Tigure 8 6) and lateral-homed Zebu are native to southern 
Africa The Africander is the most popular of the lateral homed breeds 
(Figure 8 7) These cattle are medium to large in size as compared to 
otliei breeds in Afnca (8) The Madagascar Zebu has been grouped 
separately due to the isolation of its habitat, nevertheless, it is similar 
in many respects to the Indian Zebu and other Zebu types of Africa 
As v. ith the Indian and Pakistani Zebu, there is a wide range in 
the characteristic mature body weights of females of African breeds 
— e g . 210 kg for N'Dama in contrast to 540 kg for Africander females 
In general, the aierage lactation nulk yield for the Afncan breeds is 
less thin for those identified as "milk breeds” ill India, although 
herds with an aurage yield per lactation of over 1500 kg base been 
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The N'Dama is a small humpless type, usually fawn, light red, or dun colored, 
with lyre-shaped horns. It is among the smallest breeds of central Africa and 
a poor milk producer. (Courtesy J K. Loosli, Cornell University). 


reported. The length of gestation, age at first calving, length of calving 
interval, and percent mortality from birth to one year are about the 
same as for breeds in India; but the length of lactation is only about 
two-thirds that for India. It is also common practice in most of central 
Africa to milk the cows with calf present. 

The Criollo type cattle of Latin America were introduced by the 
Spanish and Portuguese during colonization from their home coun- 
tries or sections of North Africa. These cattle are of the Bos taurus, or 
humpless, type. Pinzon et ah, 1959 describe four breeds found in 
Colombia that are direct descendents of the early introductions or 
originated from crossing with a breed from northern Europe, such as 
the Romosinuano which developed from a Red Poll-native cross. 
DeAlba and Carrera (1958) describe several other groups of the 
Criollo type found in Nicaragua, Venezuela, and Peru. Criollo breeds, 
except for the Blanco Orejinegro of Colombia (Figure 8.8), are highly 
variable in color, although medium red to dark brown is predominant 
Tne Criollo tends to be medium in size compared to other groups. The 
Costeiio Con Cuemos of Colombia (Figure 8.9) is about the smallest 
-around 385 kg for mature females -while the Criollo of the Lake 
Maracaibo region of Venezuela has a mature weight of around 500 kg. 
(see Figure 1.12). The groups in Venezuela and Nicaragua have rela- 




Nfiuni cattle, which are native to southern Africa are medium sized, short-homed, 
with small humps, and moderately sloping rumps They are maintained largely for 
milk but are slaughtered on festive occasions. Oxen are used as draft animals. 
(Courtesy J. C. Bonsma, University of Pretoria) 

tively good milk yields — up to 2200 kg per lactation — while those in 
Colombia and elsewhere are rather poor milkers— 500-800 kg per 
lactation. Except for those in the Lake Maracaibo region, the Criollo 
have short lactation periods (about 150 days) and need the presence 
of the calf for milking. The Criollo appear to calve at an earlier age 
(36-42 months) and have considerably better breeding efficiency, as 
measured by calving interval (372-420 days) and shorter gestation 
periods (279-283 days), than the majority of the cattle in central Africa 
and southeast Asia. 

The “Spanish,” or Criollo type, cattle have been replaced al- 
most entirely by Indian type Zebus — especially in Brazil where ef- 
forts have been made to develop Zebu types for dairying ns well as 
beef production. Currently Brazil has several distinct groups originat- 
ing from early importations of Indian and Pakistanian breeds. Other 
groups have been developed from a crossbred foundation of two or 
more Zebu breeds, such as the Induhrasil. The “Brazilian type” 
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ficure 8 6 

Sanga cattle are an unimproved type, native to the dry regions of South West 
Africa, Botswana, and the Union of South Africa They are very hardy but they 
grow slowly and milk yields are low (Courtesy of J C Bonsma, University 
of Pretona). 

Zebu has accounted in part for the shift of the beef producing enter- 
prises in Latin America from the CriolJo to the Zebu. However, the 
American Brahman, a Zebu type stemming from the Indian Zebu, 
has influenced this shift more significantly in South and Central 
America north of the 30° S latitude. 

The other major tropical area, northern Australia, has no indige- 
nous cattle in the sense that the other areas discussed do. Cattle were 
frrst introduced in large numbers into Australia around 1850. These 
introductions came principally from northern Europe. From a mixed 
toundation of European breeds came the Illawarra Shorthorn, origi- 
nating in New South Wales. This breed has contributed to the current 




FIGURE 8 7 

A young Africander bull representing an improved breed of lateral-homed type 
developed from the native Hottentot cattle of the Cape of Good Hope This is one 
of the largest breeds of African cattle and has been used extensively for beef 
production in the Union of South Africa, both as a pure breed and for crossing 
(Courtesy J C Bonsma, University of Pretoria) 


cattle population in northern Australia In the north, selected groups 
of Herefords have been developed, and the crossing of Zebu and 
European types has become popular for beef production. 

In many areas of the warm climates cattle are expected to serve 
the triple purpose of furnishing agricultural power, meat and milk, 
and hides for leather. As indicated for the groupings of cattle in India 
and Pakistan, the greatest emphasis in these countries has gone 
toward draft. In the drier northwestern portion of India and the west- 
ern portion of Pakistan —die home tract of the Sahiwal, Gir, and Red 
Sindhi breeds — more attention has been given to milk production, 
hence, these breeds have emerged as probably the best milk pro- 
ducers of all the types indigenous to the tropical areas, except for 
some of the Criollo mentioned earlier. 

In many African countries cattle have been involved in semi- 
nomadic herding systems. With the exception of a few breeds, there 
has not been as much selective breeding toward a single purpose as 
in India. A large portion of the cattle in Latin America have been 
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PJCURE8 8 

Blanco Orejinegro cow, Criollo (Bos taurus) type, native to north-central 
Colombia. This breed is white with black points and medium in size. 
Temperament is considered good. It is reasonably good for meat production, but 
rather poor for dairying. (Courtesy R. K. Waugh, Rockefeller Foundation). 


maintained in a “semi-wild state,” that is, running free on large areas 
of range lands, without fencing or an appreciable amount of manage- 
ment. Once a year or so the cattle are rounded up and some removed 
for slaughter. Hence, the Criollo have undergone little selection for 
merit beyond the general pressures imposed by the natural environ- 
ment. In the small farm holdings of Latin America, cattle have been 
used to some extent for draft and milk production, but their main 
purpose has been to contribute fertility to the area of the farm that was 
idle between rotations of the cropping plots. These practices are 
undergoing change, but large segments of the cattle population are 
managed in this fashion even now. 


The body weights for mature females and milk yields cited for the 
indigenous groups represent herds kept at governmental experiment 
stations, so they are higher than statistics for animals kept in small 
villages. The estimated average milk yield for cows in rural areas in 
Indja is about 200 kg per lactation and that for African cattle less than 
i&U kg, largely because of poor feed supplies. Over the centuries the 
indigenous types have been required to fend for themselves, little 
won er eir performance does not fit the modem day concept of 
animal production. With the advent of artificial breeding and frozen 




FIGURE 8 9 

A second lactation Costeno Con Cuemos cow This breed is a Criollo (Bos taurus ) 
type native to the lowland region of northern Colombia It is considered a milk 
breed (Courtesy R. K Waugh. Rockefeller Foundation) 

semen there has been a tendency to change the indigenous cattle in 
tropical areas by crossing with breeds from outside. In many cases, 
crossing or grading up (two or more crossing to European types) has 
been undertaken with little planning and consideration of the gen- 
eral resistance to poor environments acquired by the native types. 
This aspect will be dealt with further in the following chapters. 

SHEEP 

Sheep (Oeis aries) appear to have been the first species of livestock 
to be domesticated. Breeds have been developed for specific pur- 
poses and to fit into various environments — such as the very small 
sheep found in the Sahara region of Africa, which may be from 40-60 
cm in height at the withers and 20-30 kg in body weight at maturity 
due to the sparse feed supplies. Approximately 36% of the world’s 
sheep numbers are in the N-S 30° latitudes. Of the more than 500 
breeds in the world, about one-third are native to the N-S 30° region 
(Mason, 1969). Various breeds or groups are distinguishable by their 
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FICURE 8.10 

The West Indian or Barbados Black-belly sheep has a coat consisting almost entirely 
of hair. The breed is popular in the Caribbean islands for meat and milk production. 
It is brown with black belly 


anatomical characteristics, color, face covering, and type of body 
covering. In general, the quality of the wool decreases with latitude: 

J Vi • l° n8, medium > an ^ bne wool are found mainly above the 
i atitude, whereas sheep in the low latitudes have coarse wool 
and hairy coats such as the Barbados Black-belly (Figure 8.10). Still 
another system of classification has to do with the shape of the tail, 
a ason an i laule (1960) describe the three main groups indigenous 
to eastern and southern Africa as thin-tailed, fat-tailed, and fat-rumped. 

e primary reason for keeping sheep varies with culture and 
!— T yb 8 nom t dic Wbes of north Africa and southern Asia 
nrize TTiilV' 60 U ?-°" sh 1 eep P rimar ily for milk, and consequently 
ove, m?'7.h 1U '!:* OVe ^ “vering. In Jordan, for example. 

Sheen are ft e . country s lota ^ supply is from sheep and goats, 
ep are often kept principally for fur production (e.g„ the Karakul) 
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as well as for the usual main uses— meat, wool, and skins. Since sheep 
are such a vital segment of human life in northern Africa and south- 
eastern Asia, Chapter 15 is devoted to a consideration of tire present 
and future status of sheep production in this vast region of tire warm 
climates. 

The Australian Merino is the main fine wool type of the tropical 
areas. Although this group originated on the Iberian Peninsula, it 
soon became the major type in Australia and then— through exports 
from Australia or other areas — the Merino is the type currently num- 
bering the greatest part of the sheep population of the world today. 
Merinos have been introduced into many areas as purebreds or rams 
have been brought in for crossing. In comparison to the British mut- 
ton breeds, the Merino is a slow grower and poor in reproduction. 
Nevertheless, the Merino has the ability to survive and produce under 
rigorous environmental conditions of high temperatures and poor feed 
supplies. The Merino has been imported mainly for improving the 
quality of wool or reducing the hairy coat condition prevalent in other 
breeds in the warm climates. 

Terrill (1968) attempted to describe the suitability of 84 breeds 
to various environments. Table 8.1 shows the variations in type of 
coat, the principal use in their current habitat, and the feed condi- 
tions for some breeds native to tropical areas. The climatic conditions, 
based on general classifications of temperature and humidity, are 
also for the local habitats. Such classifications are useful as a starting 
point in locating breeds that could thrive in other areas similar to 
their own, and also in indicating where breeds might be obtained to 
improve body covering or possibly enhance meat characteristics with- 
out losing hardiness for a tropical or subtropical environment. Be- 
fore proceeding on more than a sampling trial basis, one would cer- 
tainly want to know more about the potential of a breed than merely 
whether it was surviving in a particular area. 

The contrasts in average performance traits between the medium 
to larger sheep breeds in the Middle East and the India subcontinent 
are not as pronounced as for the indigenous cattle. For single lambs 
among breeds in north Africa (Ausimi and Awassi) and India (Bi- 
kaneri) birth weights range from 2.7 to 3.2 kg; the range at 6 months 
is 20-25 kg, and at one year of age, 28-34 kg. The average mature 
weight for females is 40-50 kg. These weights are 50-100% lower 
than for breeds in most of the temperate zone areas. The mean 
lambing percentage for the indigenous types is 80-90% per year, 
with some groups as high as 117%. The average milk yield for the 
Awassi, representing about 70% of the milking sheep in the Middle 
East, is around 200 kg in approximately 190 days. However, some 
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I Z^d.u.tab, h,y ■./— b,eed, c f'he'P for differ, chmaU, and feed end*™. 

Apparent suitability to. 


Climate 


Breed or type 

Main area of 
concentration 

Type of 
coat 

Principal 

US& 1 

Feed 

conditions 

Temp. 

Humidity 


Egypt 

Coarse 

\V,M 

Sparse 

Hot 

Dry 


Egypt 

Coarse 

W.M 

Sparse 

Hot 

Dry 


North Africa 

Coarse 

M.W 

Sparse 

Hot 

Dry 


Morocco 

Coarse 

M.W, 

Sparse 

Hot 

Dry' 

Somali 

Kenya 

Hairy 

M,S 

Sparse 

Hot 

Dry 

Blackhead Persian 

South Afnca 

Hairy 

M,S 

Sparse 

Hot 

Dry 


Australia 

Fine 

W.M 

Sparse 

Hot 

Dry 

Polwarth 

Australia 

Medium 

W.M 

Medium 

Warm 

Humid 

Bellary 

India 

Coarse 

W.M 

Sparse 

Hot 

Medium 

Bhakarwal 

India 

Coarse 

W 

Medium 

Hot 

Medium 

Bhadarwash 

India 

Coarse 

W 

Medium 

Warm 

Medium 

Bikaneri 

India 

Coarse 

W.M 

Sparse 

Hot 

Dry 

Deccam 

India 

Hairy 

M 

Sparse 

Hot 

Dry 

Has sail 

India 

Coarse 

W 

Medium 

Hot 

Medium 

Kamah 

India 

Medium 

w 

Medium 

Medium 

Medium 

Mandya 

India 

Hairy 

M 

Medium 

Hot 

Medium 

Nellore 

India 

Hairy 

M 

Sparse 

Hot 

Dry 

Rampur Bushahr 

India 

Medium 

W 

Medium 

Medium 

Medium 

Lohi 

Pakistan 

Coarse 

W.M.D 

Medium 

Warm 

Medium 

West Indian 

West Indies 

Hairy 

M. 

Medium 

Warm 

Humid 


{Barbados Black-belly) 


Source Adapted from TrmJl, 1968 
• D - Dairy. M - Meat. W - Wool 


flock averages have exceeded 300 kg, exclusive of that given the lambs 
(Choueiri, 1969). 

In some respects sheep indigenous to the tropical areas have been 
subjected more to selective breeding for performance than native 
cattle. This is evident from the greater uniformity of phenotypic 
characteristics of sheep in most local areas as compared to those of 
cattle, the wider use of crossing to develop new groups, and the 
tendency for castration of poor male lambs in the prepuberal stage. 
bUeep Hock owners sell their poor lambs, both male and female, very 
rea ily. In contrast, the Indian farmer castrates the most rapid grow- 
ing male calf for a potential bullock. If the larger male calves reflect 
the milk producing ability of the cows, this means that little attention 
through^ Ton” *° * >aSS * n ® superiority to the next generation 
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GOATS 

Goats ( Capra hircus ) belong to the same family as sheep -Boridae, 
or hollow-horned ruminants. The varieties are sometimes difficult 
to distinguish. The world goat population is nearly 380 million, with 
about 67% of these in the N-S 30° latitudes, principally in Africa and 
the Far East. Of the 140-odd breeds described by Mason (1969), 
about 55% are indigenous to the warm climates. The indigenous 
breeds vary in size from the dwarf types in the coastal regions of 
Africa and the state of West Bengal, India to the rather large animals 
kept by Arab tribes in the semi-desert areas. Like sheep, the dwarf 
types are only 40-50 cm in height and weigh 15-20 kg at maturity, as 
compared to 70-85 cm height and 50-80 kg weight for the larger 
types (Devendra and Bums, 1970). 

Goats can travel long distances and require less frequent water- 
ing opportunities than sheep or cattle. Sheep need better herbage 
than goats which can exist on browse or many aromatic and other 
weeds rejected by other ruminants. In most countries goats are rele- 
gated largely to two areas— the outskirts of cities, where they subsist 
on refuse, and the more remote and poor agricultural areas, where 
they browse on incidental vegetation. In arid areas, where vegetation 
is sparse and land too steep for cultivation, goats roam more widely 
than other herbivores and glean their requirements from browse and 
weeds neglected by other species. They also have a higher tolerance 
to feed supplies deficient in crude protein, phosphorus, and sodium. 
Though goats consume a wider range of plants than sheep or cows, 
they have similar digestive efficiencies for the feeds for which direct 
comparisons have so far been made (French, 1970). 

Goats have good ability to withstand both hot and cold conditions, 
provided the humidity is low. They are found in the humid tropics, 
but they do not flourish as well there as in the drier areas. It is gen- 
erally conceded that goats have more tolerance to dry conditions 
than sheep or cattle. But they have been looked upon as the scourge 
of the whole dry belt through Africa and Asia, because often their 
grazing strips the lands of covering. Pakistan and several other coun- 
tries have gone so far as to pass laws outlawing goats in the countries 
as an endeavor to stop the denuding of lands. However, few attempts 
have been made to enforce such laws because so many people de- 
pend upon goats for their livelihood. 

The goat is kept in some areas primarily for milk and in others for 
meat and hides. In the Sind region of northwestern India, goats pro- 
vide milk for cheese, the main supply of food and salable products; 
whereas, in the dry region of central Venezuela and northeastern 
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Colombia, meat production is of primary concern. In oAer places 
breeds such as the Angora are maintained for their coats. The Gutchi 
breed of Bombay state and the Sabel of West Africa are typical of the 
long-legged meat breeds (Figure 8.11). The fat percentage in goat 
carcasses lies between those of game and cattle. The goat carcass 
never attains finish as good as that of sheep because the fat is more 
concentrated around the viscera than in the sheep carcass. Goat meat 
is often preferred for this reason. The goat is intermediate between 
game and Zebu cattle in the relative proportion of the hindquarters 
to the whole carcass, but has a lower dressing percentage than either. 

Among the best known of the milk breeds are the Jumnapari and 
Bari of India and the Nubian of Sudan. Groups of these goats have 
recorded lactations exceeding 200 days and 200 kg of milk; however, 
the average milk yield for most groups is less than 70 kg per lacta- 
tion. Nevertheless, goats normally out yield sheep, although their 
milk is lower in fat content (3.5-4.0% in tropical breeds and 2.9-4.6% 
in temperate breeds). The repeatability of milk yield for goats has 
been reported as 0.41 in Switzerland and the repeatability of milk fat 
percentage 0.61. Unfortunately, little is known about the heritability 
of repeatability for goats in the N-S 30° area. One important character- 
istic of goats’ milk is that the casein, during digestion, forms a less 
tough and more friable coagulum than the casein of cows' milk, so 
the digestive proteolytic enzymes penetrate and break it down more 


readily. This characteristic makes goat’s milk preferable for some 
types of cheeses and relished for human consumption as whole milk. 

The Toggenburg, Nubian, and Saanen are among the best milk 
producing breeds from the temperate zones. In recent years these 
breeds have been introduced to tropical areas to improve the milk 
yield of indigenous breeds. In general, there has been little selective 
breeding of goats in tropical regions, mainly because goats have 
usually been maintained by the lowest income groups of the sedentary 
population or by nomadic tribes. The latter give much more atten- 
tion to selective breeding of their sheep than of their goats. 

Goats reach maturity at 2 years of age but nannies may take the 
male from the age of 6 months if permitted. In well fed herds, females 
are mated between 12 and 20 months of age; but under poor feeding, 
mating is delayed until 24 months or later. Twinning is emphasized 
in some areas, but for the most part single births are preferable. Goats 
approach their mature weight from 2.0 to 2.5 times as rapidly as cattle 
th^t ?! r °SI CS ’ b " tthe ' r 8r , oss energetic efficiency for milk production - 
smL,l’ u ° f m ? k , enerRy lo total digestible nutrients con- 

sumed-is approximately the same (French, 1970). 

ere con itions are favorable, the production of a given volume 
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FIGURE 8 11 

The Ouda goat is native to Nigeria It belongs to the group identified as West 
African Long-legged, which are found throughout the drier regions of northwestern 
Africa It is used principally for meat and milk production Its long, thin legs make 
it especially suitable for covering large areas to seek food (Courtesy J K Loosh, 
Cornell University) 

of milk from cows is more profitable than an equivalent production 
from a larger number of goats. But as the nutritional plane declines, 
goats can obtain enough nutrients for some milk when sheep or cows 
would fail to do so. Given the potential of goats as sources of food for 
remote populations, it would seem that local governments and inter- 
national agencies ought to give greater attention to development of 
breeds for meat and milk. 

WATER BUFFALOES 

Another important ruminant species for meat and milk production in 
some areas of the world is the water buffalo Since this species con- 
stitutes a very important segment of the livestock for several countries 
in the N-S 30° latitudes. Chapter 16 is devoted to its present contri- 
bution and some projections of its future role. 
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SWINE 


Pig keeping everywhere is principally for the production of meat, 
although there may be some secondary products such as skins, 
bristles, and manure. Pigs are popular in the tropics. The world pig 
population is approximately 590 million, with around 34% of these 
in the tropics. Except where there are religious taboos against the 
consumption of pork, pig meat is relished by the sedentary popula- 
tions. Little, if any, pork is consumed by nomadic or semi-nomadic 
peoples due to the problems of rearing pigs under their systems of 


animal agriculture. 

Fifty years or more ago there were over 400 identified varieties 
of swine of some economic significance (Mason, 1951). At one time 
China alone had over 100 breeds, but by 1965 this number had been 
reduced to less than 40 (Epstein, 1969). Although the reduction in 
the number of breeds has been most dramatic in China, which had 
probably the greatest number of breeds for a single country, similar 
reductions have taken place throughout the world. Many local types 
have practically become extinct over the past 25 years with the ex- 
pansion of commercial pig producing units. In many tropical coun- 
tries, commercial pig production has developed near urban centers 
essentially by a transposition of temperate zone breeds and tech- 
nology. As recently as 1950 Venezuela, for example, had little or no 
pork production; but currently the country is self sufficient in pork, 
mainly because of the sizable numbers of pigs kept under confined 
rearing systems in commercial units. 


In most tropical countries there are still many pigs on small farms. 
These are largely indigenous types. Some are dwarf types, about 
40 cm in height and 40 kg mature weight, while others are larger, 
55-70 cm in height and 100 kg or more. Native types are generally 
characterized by a short, wide, and dished head with wrinkles at 
right angles to the sagittal axis; a short, broad body, somewhat sway 
back, pendulous belly, and reasonably well rounded hams, relatively 
soft bristles, and variegated color, although black is predominant. 
Their fecundity is usually as good as that of many of the improved 
breeds, and sometimes better; but their slow rate of growth, lower 
feed conversion efficiency, and excessive fat in the carcass as com- 
pared to present day temperate breeds have made them unpopular in 
pig producing units developed for maximum rate of output 

j initiation of progeny testing, the acceptance of crossbreed- 
ing, and the experimental evidence that traits respond to selective 
breeding have been the major factors in the vast changes from fat to 
meat type swine in the past 40 years. Although some efforts have 
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been made to develop new types in several countries, either through 
selective breeding or use of crossbred foundation, the new types 
have usually not performed as well as introduced stocks or crossbreds. 


OTHER SPECIES 

There are numerous additional species found in the N-S 30° latitudes 
that serve man’s needs to a significant degree. These include the 
camel, horse, ass, yak, alpaca, and llama, whose major role is trans- 
portation but they also serve as producers of meat, milk, and fiber. 

The camel is used in arid regions because of its ability to survive 
on the fibrous vegetation and poor water supplies of these areas. 
There are about 12 million camels in the world, with over 86% 
of them in the warm climates. There are two main varieties: the 
single-humped ( Camelus dromedarius) and the double-humped (C. 
hactrianus). The former is most numerous in the tropics. In general, 
camels have been accepted and utilized with little or no attention 
given to selective breeding, although in some countries limited 
efforts are now being made to improve size, growth rate, and milking 
ability. 

There are over 400 breeds of horses of some economic signifi- 
cance in the world, with nearly half of these indigenous to the tropics 
(Mason, 1969). Since horses are highly esteemed in most areas, they 
have experienced more selective breeding than almost any other 
species indigenous to the tropics and subtropics. Under even primi- 
tive conditions, selective matings have been practiced based par- 
ticularly on wide use of stallions identified as superior for speed, 
endurance, or phenotypic confirmation. At present in the tropical 
areas selective breeding is being carried on chiefly by individuals or 
particular groups. Little, if any, attention is being given to selective 
breeding by governmental organizations. 

The ass is found in significant numbers in many tropical countries. 
It originated in southern Asia but has emigrated widely, and cur- 
rently several types can be identified. Often the ass is termed “the 
transport of the poor.” Since it has not been glamorized like the horse 
nor been a significant contributor to meat and milk supplies, it has 
received little or no attention from animal breeders. 

The yak of the 30° latitudes is found only in the Himalaya region. 
It serves as a quadruple purpose beast: a producer of meat, milk, and 
fiber, as well as a beast of burden. As compared to the cow and 
buffalo, it is a rather poor milk producer and its meat is coarse. It 
moves at a very slow pace, but its hardiness — that is, its ability to 
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survive under poor conditions, such as when the terrain is covered by 
snow— makes it acceptable in the highland regions. Its hair can be 
woven into clothing, tent covering, and other necessary items. Crosses 
of the yak with cattle, although the males are stenle, are preferred in 
several areas because of their greater speed and larger size. 

The alpaca, llama, and vicuna are native to the Andes region, near 
the equator, in the western part of South America. Their habitat is 
usually above 3500 meters elevation. Like the yak, they serve as all 
around utility animals for certain peoples. The alpaca benefits con- 
siderably the economy of Peru, mainly by its wool. Because ot its 
special characteristics, the wool does not compete with synthetic 
fibers as does sheep’s wool. These species seem to have an inherent 
capability of utilizing forages grown at high altitudes; hence, they 
are more suitable than sheep or goats for the region. 

The vicuna is essentially an undomesticated species. It is smaller 
than the alpaca but produces an exceptionally fine wool at the rate of 
about 0.25 kg per year. At present, the vicuna is in danger of extinc- 
tion from predatory animals and indiscriminate hunting. There are 
fewer llamas than alpacas and their wool is of inferior quality. The 
Hama is larger than the alpaca or vicuna so it contributes more to meat 
production and transportation. All three species have poor fecundity, 
but research is underway to find ways of improving it. 

In certain areas rabbits and guinea pigs are kept as meat animals. 
The latter are widely used in areas of Peru. 

Poultry, including ducks, geese, turkeys, and pigeons, collec- 
tively provide nearly as much animal protein as any other group. 
However, they can not be given fair treatment within the scope of 
this text; their description must be left to others. 

Other current and potential sources of animal protein are the 
undomesticated species covering much of central Africa. In recent 
years a number of writers have argued that this great resource of 
protein for humans should be given much greater attention (Ledger 
et al. 1967). 


POSSIBLE GENETIC DIFFERENCES 
WITHIN SPECIES 

The foregoing description of species and some of their general per- 
formance characteristics indicates that the average level of per- 
lormance of most stocks indigenous to the N-S 30° latitudes is much 
lower than that of temperate zone stocks. Clearly most parts of the 
warm c tmate region is a substandard environment for productive 
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livestock enterprises. But genetic differences may also be significant. 
Before breeding programs are initiated for tropical livestock further 
consideration must be given to two questions: (1) Is there real evi- 
dence of genetic differences in performance characteristics among 
the breeds or types available or is poor performance due largely to 
environmental influences? (2) And what is the importance of inter- 
actions between genotype and environment when stocks are intro- 
duced from outside? 

Figure 4.5 illustrated that under the same environmental condi- 
tions, Indian Zebu cattle and their crosses with European breeds 
have limitations in the relation of total feed energy to milk output as 
compared to Holsteins. The average milk yield for many indigenous 
stocks is given as 200-900 kg per lactation. At the other extreme are 
averages for herds in the temperate zone that exceed 6800 kg per 
lactation. The highest recorded herd for milk yield among native 
stocks to date has been the Sahiwal herd at Pousa, India, with an 
average of 2270 kg per cow per lactation. This herd has been sub- 
jected to selective breeding and maintained under much better 
husbandry conditions than most herds in India. Although individuals 
in this herd have produced more than 4500 kg of milk, the range is 
from about 900-4500 kg. 

Figures 8.12-8.15 show the distribution of lactation milk yields 
for four breed groups indigenous to Latin America, Ethiopia and 
India. In Table 8.2 is a summation of the means for various traits of 
the four breeds (Figures 8.12-8.15), plus Deshi (Figure 1.5). There 
are large differences among the 5 breeds for milk yield per lactation, 
length of lactation, calving interval, and age at first calving. On the 
average, the two breeds from Colombia have been poorer in milk 
yield than the three Zebu breeds (Harro, Hariana and Deshi), but 
they showed advantages over the others in length of calving interval 
(393 days) than the Zebus, 463 days. And they tended to calve at an 
earlier age. 

The intra breed variability for most traits was high; e.g., coeffi- 
cient of variation for milk yield was 31% for Hariana and 66% for 
BON. This degree of variation is 2-4 times higher than values re- 
ported for European dairy breeds (Rice et al„ 1967). The high vari- 
ability contributes to the poor average performance of the indigenous 
breeds but also indicates opportunities in improvement for milk 
yield through selective breeding. 

The sizable percentages in the CCC and Harro herds from which 
no milk was obtained shows these cows did not respond very well to 
the handling required for milking. Only in the Hariana herd were 
the majority of the lactations >500 kg of milk. The length of time the 



286 


LIVESTOCK BREEDING 



Lactation milk yield (kg 10* ) 

ficure 8 12 

Distribution of milk yields by 100 kg intervals for 
1357 lactation records on 514 Blanco Orejmegro 
(BON) cows at the Instituto Colombiano 
Agropecuano, El Nus Colombia (elevation about 
1000 meters and dry season 4 5 to 5 5 months) 
(Data from Pearson et al , 1968) 


animals were non-lactating was high. Expressed as percentage, the 
indigenous groups did not produce 37-81% of their life (Table 8.2) 
as compared to 10-15% in well managed dairy herds in the U.S. 

\ lability as measured by the percentage of females bom that 
lived to complete at least one lactation was low in all 5 breeds (Table 
.2) as compared to >70% for dairy herds in the temperate zone, 
generally; .0% or more died between birth and three months of age, 
although in some years up to 60% of the calves were lost from an 
outbreak of foot and mouth disease (Ngere, 1969). Most of the time 
another. 0% of the females have to be sold between 3 months of age 
■ nti first calving due to poor development as a result of diseases and 
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Lactation milk yield (kg 10 2 ) 
FIGURE 8 13 

Distribution of milk yields by 100 kg 
intervals for 949 lactation records on 407 
Costeno Con Cuemos cows (CCC) at the 
Instituto Colombiano Agropecuano, 
Tunpana, Colombia (elevation 25 meters 
and dry seas of 5 months) 



FIGURE 8 14 

Distribution of milk yield by 100 kg 
intervals for 123 lactation records on 83 
Harro cows (Bos indicus type found in 
Northern Ethiopia) at the Imperial 
Ethiopian Government Institute of 
Agriculture Research, Holetta, Ethiopia 
(elevation 2400 meters and dry season of 
5 months) (Data from IRI, 1968) 


parasitism. Losses from the cows of lactating age averaged 20-23% 
in these herds as compared to 5-10% in the northern latitudes. 

Even though low energy intakes and other environmental vari- 
ables were factors contributing to performance of the 5 breeds, it is 
unlikely that the environments of local farms would be superior. More 
often it is much, much worse. For instance, a survey made in Sierra 
Leone indicates that the average household must maintain a herd of 
21 head of all ages to provide the family’s milk needs. 

Although having the calf present during the milking process in 
the herds described appears to have contributed to higher yields in 
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figure 8 15 

Distribution of milk yields by 100 kg intervals for 3827 
lactation records on 1460 ilanana cows at the Central 
Livestock Research Cum-Breeding Station. West Bengal, 
India (elevation 100 m and dry season of 7.5 months). (Data 
from the Ph.D thesis of L. O. Ngere, Cornell University, 
1970). 


TABLE 8 2 

Summary of various traits of 5 tropical breeds of cattle 



Blanco 

Orejtncpro 

(BO.V) 

Costeno Con 
Cuemot (CCC) 

IJarro 

Harlana 

Dnhl 

Years 

1956-65 

1959-64 

1965-68 

1952-66 

1956-62 

Cows (number) 

514 

407 

83 

1460 

336 

Records (number) 

1357 

949 

123 

3827 

1405 

TRAITS 


Lactation milk (kg) 220 

Milk yield 

Average per day (kg) 2.0 

% with no yield 4 5 

% with yield < 100 kg 58 0 

% with yield <500 kg 87 0 

Calving interval (days) 372 

Lactation length (days) 102 

Dry period (days) 303 

Percentage oflife 

81 

Age at first calving (months) 41 

Percentage bom alive 
and completing first 
lactation 4 q 


•Percentage of time In 


481 

33 

235 

350 

600 

422 

147 

258 

64 

39 


504 

3 1 
120 
20 0 
60.0 
366 
169 


50 


48 


842 

2.9 

05 

45 

160 

482 

257 

243 

44 

51 


50 


412 

1.6 

07 

50 

700 

419 

251 

141 

37 

45 


49 


the herd after fint calving In nonUcutmg ,t 
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spite of exclusion of the milk consumed by the calf, the use of the 
calf is an inefficient procedure both from the standpoint of labor re- 
quirements for milking and the detrimental influence on yields when 
the calf dies. The Hariana herd had 529 lactations in which the calf 
died early in lactation. These averaged 713 kg as compared to 915 kg 
for lactations of 200 days or more without calf loss. Of the cows that 
dried off prior to 150 days, about one-half had lost their calves. The 
loss of milk due to attachment of the calf, coupled with the indication 
that suckling may increase the length of calving interval and the prob- 
lems of temperament toward the milking process, suggest that the 
traditional method of calf handling is another serious deterrent to the 
merit of these 5 breeds for commercial dairy enterprises (McDowell, 
1971). 

If it is assumed that a milk yield of about 2500 kg is presently a 
reasonable estimate of the best merit of selected native stock in a good 
environment, then it would be reasonable to assume that 50% or 
more of the difference between the cattle indigenous to the tropics 
and European breeds may be attributed to differences in inherent 
ability for milk production (Figure 8.16). 

The average daily gains for cattle kept for the production of meat 
in many of the tropical areas are 0.15-0.25 kg from birth until time of 
sale, as illustrated in Figure 1.2. There is evidence, however, that 
when indigenous stocks, such as the Boran cattle of Africa and the 
Romosinuano of Colombia, are given good feeding and management 
these breeds will average up to 0.68 kg gain per day from birth to sale 
(Figure 8.16). The average dressing percentage for most indigenous 
groups ranges from 37-47% depending upon age and condition at 
time of slaughter, in contrast to 53-55% for the Boran and Romosin- 
uano on good feeding and 55-63% for European types in temperate 
areas. This suggests that environment contributes significantly to the 
differences between the lower and upper potentials of the groups of 
cattle available for beef production at the present time. 

The average yields of eggs and wool for native breeds is exceed- 
ingly low as compared to U.S. yields (Figure 8.16). Approximately 
one-third of the difference seems to be due to genetics and possibly 
two-thirds due to environmental influences, based on the performance 
of selected native groups under good feeding regimes. Many exam- 
ples could be cited, but the preponderance of the evidence indicates 
that under reasonably good husbandry conditions, there are genetic 
differences between indigenous and other stocks in a number of traits 
of economic importance. Traits showing large genetic differences are 
milk yield, birth weight, rate of daily gain, mature body weight, 
length of lactation period, length of dry period, age at first calving, 
calving percentage per year, and intra breed variation for yield traits. 
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Milk yield/lactation (kg) 
p| 250. Blanco Orepnegro. Colombia 


U2270, Sahiwal, India 


H6500. Holstein. N.Y 


Cattle weight gain/day (kg) 
r~102 . Native (village) 


J 0 8, Boran. Africa 


U14.US 


Eggs/bird/year 
^80.Egypt (village) 


J 320. U S 


— i Egypt (experimental) 


Wool/ sheep (kg) 


0 7. Iran (village) 


]41.US 


-J 2 7. Iran (experimental) 
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INTERACTIONS OF GENOTYPE 
AND ENVIRONMENT 

Prior to about 1940, the spread of a type or breed of livestock beyond 
the confines of its area of origin was determined less by the merits of 
the animals as compared with those available in another area, than 
by such incidental factors as the availability of particular animals, 
custom, and the ability of animals to accompany their owners on long 
migrations over land routes. But since 1950 genetic improvement has 
been the major emphasis for importing livestock from the temperate 
zone into the tropics. The influence of temperate zone breeds, notably 
cattle breeds, has increased vasdy— especially since the advent of 
frozen semen. This trend raises several important questions: (1) 
Should the natural selection imposed on native livestock by the tropi- 
cal environment and the selection applied by certain livestockmen 
over the years be ignored or annulled? (2) Should livestockmen in the 
tropics concentrate on selective breeding for genetic improvement 
instead of attempting to adapt animals from outside? (3) Can groups of 
animals with potential for high performance in one environment be 
expected to do as well in another? The appropriate answers depend 
mainly on the extent of the interactions between genotype and en- 
vironment. If these interactions are very significant, producers might 
better concentrate on selective breeding of native stock; but if the in- 
teractions are small or nonexistent, they would do well to upgrade the 
genetic potential of their stock through the most rapid means possible. 
The variations in economic and social circumstances will, of course, 
be strong underlying issues in determining which type of animals will 
be most appropriate. 

The extent of the interactions between genotype and environ- 
ment is difficult to determine with large animals because of the 
complicating factors of environmental fluctuations and management 
practices, including efforts made to control or restrict disease. If we 
measure the interactions in terms of value of end product, we must 
consider the important effects of marketing and consumer preference. 
In fact, genotype-environment interactions should probably be looked 
at from the standpoint of economics. 


Dairy Cattle 

There is not much experimental evidence of genotype-environment 
interactions for dairy cattle. Most studies in temperate climates have 
not shown important sire X location or herd effects. VanVleck (1963) 
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found that the genetic correlation between half-sib sets in i herds strati 
fled into four different management levels from 0.93-1.0 for both milk 
and fat yields was that AI (artificial insemination) sires would have 
similar rankings regardless of the production level of the herds in 
which their progeny were located. Another study gave high correla- 
tions between paternal half-sibs, when one group was located in the 
southern U.S. and the other in the northern U.S. (Lytton and Legates, 
1966). Evidence from the subtropical portion of Louisiana has shown 
that progeny of sires proven in northern U.S. ranked in the same order 
in Louisiana herds as in the more temperate area. The ranking of sire 
progeny of U.S. Holstein sires used in Puerto Rico and Venezuela 
further confirm that sire X location effects are not important for Hol- 
steins. 

The progeny of 40 bulls from AI studs in the U.S.— at least 1000 
AI daughters per bull— were classified into four groups based upon 
milk yield level of herdmates. Correlations among sire progeny yield 
averages at the different herdmate levels were all very high and indi- 
cated that bulls ranked in about the same order at all levels. No evi- 
dence of a genotype-environment interaction was found (McDaniel 
and Corley, 1967). 

Experiments in Tennessee, comparing the progeny of Jersey and 
Holstein sires receiving either an all roughage ration during first 
lactation or roughage plus concentrates, showed that less than 4% of 
the variance was associated with sire x ration interactions. There 
were, however, significant differences among sires in the ability of 
their offspring to consume roughage. Experiences at Iowa State Uni- 
versity with identical twins on high and low levels of feeding showed 
that pair X ration interactions were negligible for production and 
growth traits. 

Evidence from dairy herds in Louisiana has shown that although 
differences among herds in the numbers of abortions and stillbirths 
are significant, the sire X herd interactions are not significant. The 
fact that the total percentages of abortions and stillbirths (4.3% and 
.1% respectively) in the Louisiana herds are similar to those in north- 
ern herds suggests that these problems are related more to the herd 
than to the climate. The average number of lactations initiated by the 
cows during a lifetime in Louisiana dairy herds (3.7) also parallels 
results from the northern part of the U.S. (Thomas et ah, 1968). 

Although evidence from studies of European type cattle in the 
subtrop, cal portion of the U.S. and certain areas of Latin America 
suggests that genotype-environment interactions are unimportant, 

d ° es " 0t mean that *ey would be unimportant if the contrast 
between the native — • 


environment and the new environment were 
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greater. As a matter of fact, the environments under which genotype- 
environment interactions have hitherto been studied are not as 
extreme as tropical environments. Certainly there is much evidence 
that European type dairy breeds would perform poorly, even fail to 
survive in many tropical environments (Figure 4.5). Data from India 
show that when the proportion of inheritance from European breeds 
reaches the 3 / 4 or 7 /a level in crosses, performance is lower than for 
Vi or % European breeding. Similarly, pure European breeds have 
not performed as well as Vi or % crosses in several tests (see Chap- 
ter 10). 

In peasant farming it might be a matter of having a little milk 
from the local type cattle or no milk at all if the local type were re- 
placed with an improved breed. This clearly implies an interaction 
between genotype and environment. With sufficient feed supplies 
and disease control indigenous cattle will not exceed the performance 
of European breeds, indeed, they are likely to be inferior. Thus the 
type of environment can be used as a general way of identifying 
useful genotypes. 

For areas where the feed supplies are limited and where disease 
and climatic stresses are unlikely to be mitigated, indigenous cattle 
or cattle known to be able to survive and produce in a given environ- 
ment would be needed, especially when they have to be kept under 
extensive systems of management. On the other hand, under intensive 
systems (with good feeding and management) genotype-environment 
interactions are probably much less important. Detailed studies <?f 
the results of grading up of the Small East African Zebu to the Sahiwal 
breed on some farms and the successful use of purebred and high- 
grade Ayrshires, Guernseys, Holsteins, and Jerseys, on other farms 
for dairy enterprises in Kenya, confirm such conclusions. From these 
experiences the Sahiwal will provide a satisfactory first stage for 
grading up the Small East African Zebu to a more productive level in 
areas of medium agricultural potential. But a second stage that is 
grading up to produce V 2 to 3 / 4 of one of the European breeds, will be 
better if the level of feeding and management attained by the stock 
owners at the end of the first stage is reasonably good and the cli- 
matic conditions are not too severe. Where husbandry remains poor, 
disease and parasite control have not been perfected, and feed sup- 
plies are inadequate for grades of European breeding the second 
stage should not take place. Purebred and high grade European 
breeds of dairy cattle have been introduced successfully into the 
improved peasant farms in Kenya, Tanzania, and Uganda, which 
have been declared free of East Coast Fever. These introductions 
have been especially successful in the higher altitude zones (eleva- 
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„ „ ,. 00 met ers). Lactation yields for these cattle in Kenya 

ranged from 2228 to 3132 kg per cow per lactation. These 

pare favorably with yields of some of the more advanced da.ry 

countries. 


Beef Cattle 

“Beef cattle” is the term used to designate cattle kept essentiany 
for the production of meat, hut for most of the tropical wor d . is a 
misnomer because meat is the end product after the ammal has 
served an initial purpose of milk or draft. Since there is “ CUrrCn ‘ 
emphasis on expanding animal protein from beef, the ensuing d s 
cussion emphasizes beef production as a speciality. Unfortunately, 
as with dairy cattle, the scientific evidence for interactions between 
type of animal and environment comes from temperate and sub- 

tropical areas. j-rr H 

There have been indications of differential responses to drittcuit 
environments or inadequate rations by various lines or strains o 
cattle of European or European x Zebu crosses. But the importance 
of these apparent interactions and the susceptibility of these groups 
to selection for superior performance in specific environments is 


not yet clear. 

Evidence from Florida, where Shorthorn sires were bred to 
Brahman, 3 /, Brahman-7, Shorthorn, and half-bred females; and 
Brahman sires were bred to Shorthom, 3 / 4 Shorthom-Y, Brahman, and 
half-bred females, showed that interactions between breed group and 
level of nutrition were important for 205-day weaning weight, per- 
centage of calves bom, and percentage of calves weaned. At the low 
level of nutrition, the cross calves from Brahman dams were 30 kg 
heavier than calves of the same breeding out of Shorthom cows. 
At the high level of nutrition, the difference between these two 
groupings was only 14 kg. Calves from crossbred cows were about the 
same weight as those from Brahman cows, but both groups were larger 
than calves from Shorthom cows. In both percentages of calves bom 
and percentage weaned. Brahman cows exceeded Shorthorns at low 
and intermediate nutritional levels. On high feeding, the Shorthorns 
were superior. These experiments show an interaction of breed and 
feeding for several economically important traits. In Texas and 
California, Brahman and Brahman crossbred cattle gained more 
rapidly than Herefords in the summer months, but the pattern was 
reversed in the cooler months. This demonstrates another type of 
interaction. 
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There appear to be definite interactions between genotype and 
environment for Zebu and European type cattle. The choice of the 
most suitable type or combination for a given environment must take 
into account both efficiency of production and quality of product. 
Oftentimes some compromise may be necessary when types are not 
available with maximum potentials for both. 

Where cattle are expected to produce under extensive systems or 
on native ranges in the tropics, no doubt a Zebu type or another in- 
digenous type is likely to give the best performance from the re- 
sources available. If the range consists of native grasses plus some im- 
proved variety or a legume-grass mix, a Zebu X European cross will 
perform best. Improved cattle breeds and improved feed supplies 
go hand-in-hand, as better type cattle will usually be required to pro- 
vide returns from the increased investments. When continuous graz- 
ing of improved grasses with fertilizer is available, high grade Euro- 
pean types will in all probability give the greatest returns. Hence, as 
with dairy cattle the level of environment will largely determine the 
most suitable genotype. As pointed out in Chapter 5, another impor- 
tant consideration in selecting the genotype, when feed supplies are 
limited, is inherent body size. Herein lies one of the major advantages 
of Zebu or indigenous types when feed resources are restricted. 

Although some progress has been made in determining suitable 
genotypes for some situations, application should be tested before 
sweeping recommendations are made. As indicated above, the Criollo 
type cattle have largely been replaced in northern South American 
and Central American countries with gradations of Zebu. No doubt 
the first generation cross showed improvement over the local types, 
therefore the natural course was to add more Zebu breeding. At pres- 
ent there is some question as to whether the gradation to Zebus did 
not move too rapidly. Evidence from Colombia shows that extraction 
rates (number sold per 100 animals maintained) are lower than some 
years ago probably due to the poorer breeding efficiency of the Zebus. 
It is not clear whether the current lower results indicate calving per- 
centage is due to genotype of the Zebus for reproductive efficiency or 
to environmental effects. The Zebu tends to wean a larger calf than 
the pure Criollo, but when overall efficiency is made on kilograms of 
calf per cow exposed for breeding each year, tire advantage of the 
Zebu is subject to challenge. Experiments in Venezuela indicate 
the Criollo cow is a better mother and will wean more kilograms of 
calf per year than the Zebu (see also Chapter 10). So vast changes to 
the point of extinction, or near extinction, of a genotype may not al- 
ways be wise. 
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Sheep 

Experiments with five strains of Merinos, reared for a number of 
years in three wool growing regions of Australia, exhibited I some ev i- 
dence of interactions between location and amount of wool, body 
size, and reproductive traits, but not enough to be important in the 
choice of breeds for particular areas of Australia. This implies that m 
selecting the Merino, type of body covering, size, and reproductive 
performance are more important than area of origin (Dunlop, lJt>_). 

In the southeastern U.S. an interaction has been found between 
breed type and location. The medium wool meat types (e.g„ Hamp- 
shire) were lower in percentage and weight of lambs weaned per ewe 
bred than fine wool crossbred ewes (e.g., Merino-Ranihouillet) under 
warm, humid conditions of Florida and Louisiana than in the cooler 
climates of Virginia and Kentucky. Another type, a group originating 
in Florida from imports in the 16th century, excelled both Rambouil- 
lets and Hampshires in lambs weaned per 100 ewes bred in that state 
(Tech. Comm. S-29, 1966). 

In Iran, Egypt, India, and other countries where attempts have 
been made to introduce breeds from northern Europe, the introduced 
groups have often failed to survive due to the severe environmental 
conditions, principally inadequate feed. On the other hand, first gen- 
eration crossbred rams from the introduced and native types have 
given satisfactory performance, at least on government farms. 

Iranian nomadic herdsmen place great importance on the rearing 
of their sheep— especially rams— under their usual flock environmen- 
tal conditions. These herders normally refuse to accept young male 
lambs of the indigenous types selected from government farms be- 
cause they have recognized that their sheep must be accustomed to 
the nomadic herding conditions. How much this opinion has to do 
with identifying the best genotype and that associated with having 
the ram adjusted to poor feed conditions early in life needs further 
evaluation. This point is discussed later in Chapter 15. 


Swine 

Experiments in the temperate zone indicate that genotype-environ- 
ment interactions in swine may be important for determining balanced 
rations, levels of nutrition, efficiency of feed utilization, and response 
to certain management regimes. Where improved breeds have been 
introduced into the tropics, the number of breeds involved has not 
been sufficient to determine if sueh interactions are important. The 
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one clear interaction in the tropics is the morbidity and even mor- 
tality from the effects of solar radiation on pigs with white hair and 
light pigmented skin. This had led to best acceptance of breeds with 
a high proportion of red or black coloring (Kristjansson, 1957). 

A few tests comparing indigenous, improved X indigenous 
crosses, and improved types of swine in the tropics have favored the 
pure improved types. These trials were conducted under good con- 
ditions of nutrition and management. But recent experiences in 
U.S. assistance programs in southeast Asian countries have shown that 
a pig of an improved breed turned loose to scavange around the 
household soon perishes, whereas the local types manage to survive. 
Although the improved breeds may be less efficient in performance 
in a tropical environment than in the U.S. (Chapter 4), commercial 
pig producers in the tropics have found the improved types and 
crosses among these types so superior to the local native types that, 
like the U.S. producers, they have changed almost completely to 
the use of the improved types or improved X native crosses. 


Poultry 

There have been more genotype-environment interaction studies 
undertaken with poultry than with any other species. Again most of 
the scientific evidence comes from the temperate and subtropical 
areas. Experiments in Canada, Japan, and the U.S. have not given any 
strong indication of differences within a strain due to location, nu- 
tritional level, or response to elevated environmental temperature, 
although there is evidence of differences among breeds due to these 
factors. The heavy breeds, such as New Hampshire, seem more re- 
sponsive to variation in temperature and nutritional levels than White 
Leghorns. New Hampshires, Barred Rocks, White Leghorns, and 
jungle fowl were subjected to temperatures up to 30°C by California 
researchers in studies of acclimation to environmental temperature 
changes. Body temperature regulation was best in the jungle fowl, and 
egg production was reduced markedly in the two heavy breeds with 
rising temperature. The White Leghorn excelled all other groups in 
feed efficiency and egg production, however. 

As with swine, the improved breeds suffer severe consequences 
when they are relegated to the role of scavengers about the village 
households. But the far superior inheritance for rate of growth, egg 
production, and efficiency of feed conversion has led to almost uni- 
versal adoption of the improved types for commercial production in 
the tropics. 
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Currently, the general conclusion is that for all types of livestock 
there is ample evidence that genotype-environment interactions exist 
where environmental conditions arc poor and when differences in in- 
heritance for performance characteristics are large. When large 
genotype-environment interactions exist, it may be necessary to give 
a great deal of attention to selection of the best genotype. But do wc 
have time to explore all the possibilities? This Question has been 
answered in the negative throughout most of this book. Flexibility 
is recommended rather than the acceptance of one genotype as neces- 
sarily most suitable for a given environment. For instance, currently 
in the isolated Llanos region of Venezuela and Colombia, it docs not 
pay to introduce improved animals or managerial skills. Blit if a road- 
way were opened from Caracas to Bogota, increased land values 
would necessitate higher levels of inputs, including better stock. 
Thus each situation needs constant scrutiny in the light of economics 
in order to determine which method of approach would be best— to 
change the environment or to change the animal. Changing the en- 
vironment generally requires time and investments, but changing the 
animal— except for outside introductions -takes much longer. In the 
long run, changing the genotype is expensive. The selection of geno- 
type must be based essentially on the nutritional and managerial 
levels of the environment. The available evidence, even though 
scanty, clearly indicates that the most important questions facing live- 
stock producers in the tropics are: (1) what would be the most suitable 
genotype; and (2) how to go about obtaining these through systems of 
breeding? The next two chapters will explore these questions. 

It should be pointed out that there is a need for continuing re- 
search on livestock breeding in the tropics. Current genetic research, 
substantial as it is, is based largely on experience in the temperate 
zones We especially need to know what the indirect effects or cor- 
re ated responses of other traits will be if selection is made primarily 
or one or a few traits. For example, we require more evidence about 
genetic antagonisms that may seriously reduce genetic progress in a 
opica environment if selection is directed exclusively to milk yield 
in dairy cattle. 
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Improvement 
Through Breeding 


In much of the temperate zone the use of the word “improvement” is 
readily understandable since it has become related to ongoing prac- 
tices of professional breeders and a reasonably well defined end 
product, namely the kind of animal desired and the purpose it is to 
serve. We can, for example, project with reasonable accuracy for the 
next two or more decades the management systems that will be em- 
ployed for commercial dairy production in the northern hemisphere. 
Therefore, we probably know in general terms the best breeding 
programs for dairy cattle. These will entail the use of sizable popu- 
lations; making decisions about sires on the basis of information from 
fairly large progeny groups after the sires have been used in artificial 
insemination; and some restrictions to prevent too close inbreeding. 
Contrarily, in areas where there are few, if any, professional breeders 
and no organized systems of record keeping, the problems associated 
with undertaking animal improvement through breeding are en- 
tirely different. 

Improvement also implies having a concept of the kind of prod- 
ucts the animals are expected to produce and the type of environment 
in which they will live. Unless these can be described fairly well 
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there is little to be «f 

1000-1500 Meal of energy equivalent per year. Un e . d ,, 
stances, little of the genetic variability among groups or in 
within groups can be recognized because almost I :he entire feed 
energy is required for body maintenance. Unless 2500-3001) Meal 
or more are available annually per head of adult cattle, even 
small breeds, attempts to develop improvement programs are i unwar 
ranted. Similarly, sheep must have 400 or more Meal and swine 
800-1000 Meal per head as a minimum requisite of an environmen 
approaching suitability for breed improvement in the sense ot in- 
creasing output per animal before genetic variances among indi- 
viduals can be discerned with any degree of reliability. Certain 
measures to reduce the impact of disease are also required. If animal 
mortality is so great that all females which survive are needed to 
maintain herd or flock numbers, attempts at genetic change will be 
essentially futile. In short, the level of environment must be con- 
ducive to survival and reproduction at a sufficient rate for the popula- 
tion to increase, and yields of a usable product high enough to provide 
economic incentives to producers. 

Areas already exist in all tropical countries where these minimum 
environmental conditions are being met And these areas will no 
doubt be expanded. Consequently, it is important to consider further 
possible means of bringing about genetic improvement and the 
practicality of projected changes. 


THE NATURE OF ANIMAL 
PRODUCTION TRAITS 

Animal productivity (phenotypic expression of a trait) is the result 
of heredity or genetic makeup (genotype), the environment, and 
possible interactions between them. The measures of productivity 
of primary concern to livestock producers fall into two major classes: 
(1) those which measure usable products, such as milk, meat, wool, 
and eggs; and (2) those associated with the animal’s capability to sur- 
vive, reproduce, and expand in numbers in a given environment or 
fitness characteristics.” Some measures fall into both classes. Meat 
production represents an example, since animals slaughtered are in 
excess of those needed as replacements to maintain herd or flock 
numbers. 
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Genetic differences in performance are also of two classes (X) 
differences between groups, breeds, or strains, and (2) differences 
among individuals within a group Genetic variation constitutes the 
differences among groups and individuals within a group resulting 
from their genetic makeup, transmitted by their parents This varia- 
tion, resulting from either additive or nonadditive gene effects, is the 
raw material with which the breeder has to work The amount of 
genetic variation is determined by the hentability of a trait X the total 
phenotypic variation in the trait Generally it is expressed in terms of 
the genetic standard deviation (<rG), which is obtained as follows 
o-G = h 2 o-p, where h = hentability and 07? phenotypic vanation The 
genetic merit of a group of animals will average that of their parents 
About half will be genetically supenor to the average of their parents, 
while an approximate equal number will be inferior The supenor 
individuals provide the opportunity for genetic improvement through 
selection 

As the livestock breeder endeavors to bring about change m geno 
type, he is concerned with two kinds of heredity— namely, qualitative 
and quantitative Such traits as horns vs polled condition, coat color, 
and certain abnormalities, are qualitative in nature Each trait is de- 
termined by a single pair of genes or only a few pairs of genes that 
have major effects— oligogenes Variation in such traits is largely 
genetic in nature, environmental effects are generally low In con- 
trast, production traits are determined by many pairs of genes— 
polygenes— each of which has a minor effect, environmental in- 
fluences on such traits may be large 


TOOLS OF THE BREEDER 

Selection is the process of deciding which animals in each genera- 
tion will be allowed to become parents of the succeeding generation 
and the number of progeny they will be permitted to contribute In 
general, the objective of selection for qualitative traits is to accept or 
reject individuals according to an established standard— eg, accept 
an animal that is solid red in color but reject one that is red and white 
Since quantitative traits are complex, the objective of selection for 
any performance trait is to increase the frequency of the combina- 
tions of genes which provide the animal that is most suitable for a 
given environment and economic situation The best combination of 
genes is hkcl) to vary' between one environment and another The 
culling of animals that are poor in economically important traits tends 
to reduce the frequency of undesirable genes in a herd or flock If 
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FACTORS AFFECTING THE 
RATE OF GENETIC IMPROVEMENT 

A number of factors have a direct bearing on the rate of genetic 
progress through selection. These include (1) phenotypic vana 
(genetic variation), (2) heritability of traits under selection 3) ac 
curacy of selection, (4) selection d.fferenhal, (5) num, ?%. 0 ^ Hon 
der selection, (6) genetic association among traits, and (7) gel ne 
interval. When selection is for a single or primary trait, the factors in 
the following equation should be considered: 


AG, = + 0 ,5 

where AG„ = average genetic progress per year, r AI = correlation be- 
between breeding value (A), and selection procedure (I) or the ac- 
curacy of selection, « = intensity of selection given in inputs ^f the 
phenotypic standard deviation, h 1 = heritability of the trait, trp — P* 1 ®' 
notypic standard deviation of the trait, and L = generation interval in 
years. In this equation, sires and dams each contribute one-half (0.5) to 
the progress. Since the accuracy and intensity of selection are quite 
different for males and females, they are separated in the equation. 
The sections that follow describe components of the equation. 


Heritability 

The total hereditary variance (cr 2 /i) can be divided into three parts: 
(I) the additive genetic variance (<r 2 g), (2) the variance due to domi- 
nance deviations (cr*d), and (3) the variance due to epistatic devia- 
tions (<r ! i). The progress that can be expected in improvement of a 
trait by selection depends upon the ratio of the additive genetic 
variance to the total phenotypic variance. This ratio is termed herit- 
ability (/i 2 ). It can also be defined as the fraction of the difference 
between the parents and their generation average that is expected 
to be transmitted to their progeny. Heritabilities for various traits can 
be estimated by using either the parent-offspring or the paternal 
lialf-sib relationships. The latter is most widely used. The higher the 
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heritability for a trait, the greater the potential rate of improvement 
More rapid progress could be made in selecting for increased birth 
weight (h~ = 40%) than for calving interval (Ii" — <10%) Variation in 
levels of heritability is discussed further in other sections of tins 
chapter and Chapter 10 


Repeatability 

Closely related to heritability is the value of repeatability For some 
characters — e g , the milk yield of successive lactations or the number 
of pigs per litter from the same sow— repeated observations are pos- 
sible Use of all available observations can increase the accuracy of 
selection for characters affected by temporary environmental condi- 
tions by minimizing the effects of these conditions, thereby reducing 
errors in the identification of superior individuals 

Repeatability is usually defined as the fraction of the variation 
that is attributable to permanent differences between individuals It 
consists of the variance due to additive genes, dominance effects, 
epistasis, and any permanent effects of environment on the animal 
that are different from those on its herdmates orflockmates Estimates 
of repeatability can be calculated as the correlation between the 
repeated results either m a usual correlation analysis or in an mtrft- 
class correlation by an analysis of vanance The fact that the result 
from the same individual tends to repeat itself is to a certain degree 
natural and depends partly on the genotype, which is the same all 
the time, even though the activity of some genes may change with age 
in relation to certain environmental influences The magnitude of 
the coefficient of repeatability depends upon the vanance due to 
permanent differences between individuals caused by environment 
and the variance due to temporary differences caused by environment 
which are randomly distnbuted between and within individuals 
This means the coefficient of repeatability includes all of the geno- 
typic vanation plus a portion of the environmental variation It there- 
fore sets an upper limit for heritability 

The accuracy with which the breeding value of an animal can be 
assessed is greater if it is based on the average of seseral observa- 
tions than if it is based on a single observation The best estimate of 
real producing ahihtv for a trait such as milk yield is expressed as 

[j + (", r _ i) r (individual a\ g - group n\g) + group a\gj 
where n = number of records on the individual r— repeatability 
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fective means for arriving at decisions on culling or se c 
of future sires. Repeatability values are also useful in .beef ratt 
selection is to be made on the basis of some tra.t such as weaning 

We ‘ By combining repeatability and beritability an estimate can be 
made of the predicted breeding value of an anrmal. For a trad such as 
milk yield the expression is: 


f IHi — — (individual’s avg - group avg) + group avg 

l_l + (n - l)r J 

where h* = heritability, n = number of records, r X repeatability. 

The heritability of the average of n records (7i*n) is higher than the 
heritability of single records (/»*). However, since averages have a 
decreased variance, the possible selection differential is decrease > 
[1 4- (n — l)r]/n when several records are used. Averaging records has 
the advantage of better precision in estimating breeding value, but 
has the disadvantage of lengthening generation interval because o 
the time required for the accumulation of data before selection can 
begin. 


Accuracy of Selection 

The accuracy or effectiveness of selection for a trait may be defined as 
the correlation between true breeding value (T) and the selection 
procedure (I) or as r Th where r T/ is the breeder’s accuracy of estimat- 
ing the genotype or breeding value of an animal. Accuracy of selection 
is measured by h, which is the square root of heritability, h = 

For maximum accuracy of selection the correlation between the 
average breeding value and the variable (s) on which selections are 
based should be as high as possible. The heritability of a trait and the 
correlation between breeding and phenotypic values are directly 
related, since h 1 = (r^) 2 , which represents the fraction of the pheno- 
typic variance associated with variation in average breeding values. 
Thus r AP = (h 2 ) 1 * = h. 
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Selection Differential 

The selection differential is the difference between the selected in- 
dividuals and the average of the group from which they were selected 
It is determined by the proportion of the progeny needed for replace- 
ments (numbers to maintain or expand herd or flock size), the number 
of traits considered in making the selections, and the differences that 
exist among animals in the group In other words, the magnitude of 
the selection differential contributes a great deal to the intensity of 
selection Selection differential is expressed m phenotypic standard 
deviation units ( 1 ) as S/o-p = Z/p, where S = selection differential, 
crp — phenotypic standard deviation, Z = the height of the normal 
curve at the point of truncation or where the selected individual with 
the lowest record falls, and p = the proportion of the population saved 
or selected 

When efforts are being made to select for several traits simulta- 
neously, it is better to express the selection differential (s) in units of 
the phenotypic standard deviation and call it the intensity of selection 
(i) In this type of selection the intensity of selection becomes i = 
S/o-p, where S = selection differential and o-p = phenotypic standard 
deviation If S = 1 o-p, then i = 1 00 


Number of Traits 

When the purpose of selection is the exclusion of a single trait that is 
controlled by a single pair of genes, and all animals showing evidence 
of that trait are not allowed to contribute future progeny, rate of 
genetic improvement can be high Even m the case of a quantitative 
trait, such as milk production, fairly rapid improvement can be made 
if this is the only trait under consideration Unfortunately, in practice 
one trait can rarely be given all possible emphasis because the total 
economic value of an animal almost always depends on several traits 
— e g , in dairy cattle enterprises milk yield, milk composition, and 
fertility are all of economic importance even though the breeder 
may be placing his primary emphasis in selection on milk yield Con- 
sequently, the breeder is forced to consider several traits in his selec- 
tion Although this is the only possible way to increase total economic 
value, it decreases progress in individual traits The magnitude of 
the decrease depends on many factors, but primarily on the closeness 
and direction of the genetic correlation between traits, the number 
of traits considered, the weight given to an additive trait, and the 
selection method used 
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The average reduction in progress in each trail. w!»en several 
suiiies that there are no genetic associations -favorable or unfavorable 

—among the four traits. t , .« , 

The low reproduction rate of thocp, cattle, nod ImfMoo, nml 
large number of traits of economic importance usually needing con- 
sideration in the selection process, place rather serious limitations 
on the selection differential for various trails. I-or these reasons, 
selection should he directed only toward the traits of real importance. 
This is especially tme when the traits have a Insv degree nr nssocia- 
tion, such as coat color and milk yield. 


Genetic Association 

The genetic association between two traits — e.g., milk yield and milk 
fat percentage— is the correlation between the gene effects influenc- 
ing them. Genetic correlations are caused principally by plciotrnpy* 
the influence of a single gene or locus on more than one trait. Another, 
transient cause of genetic correlations may he the linkage of genes 
that influence the traits. 

If the genetic correlation among traits is favorable, the rate of 
general improvement is enhanced. Conversely, if there is antagonism 
among the traits, the rate of improvement from selection is reduced. 
Thus far, no major unfavorable genetic associations have been identi- 
fied in most species of livestock. Of course, such associations may yet 
be discovered as more is leanied about indigenous stocks of the tropi- 
cal world and genotype-environment interactions. Several relation- 
ships between traits have been found to be slightly negative— milk 
yield and milk fat percentage. In European breeds, there has been a 
tendency for milk fat percentage to decline with increasing milk 
yield, but this has not proven serious. 


Generation Interval 

The generation interval is the average age of all parents when their 
progeny are bom. In most groups of cattle this is from 4 to 7 years, 
depending on the age of first calving and the age at which the males 
are p aced in seryice. The generation interval is frequently longer in 
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males than in females. The longer the generation intervals, the slower 
the rate of progress by selection. 

The gain in genetic value per generation for a trait is AG = r c(1 D aa , 
where AG = genetic progress per generation; r (:G = correlation be- 
tween predicted and true genetic value; D = the intensity of selection 
per generation interval; and crG = the genetic standard deviation. 
Generally, the annual rate of genetic gain is relatively small for a trait 
(<2%) but this can vary widely depending on the generation interval. 
The average annual genetic progress for a trait is expressed as (AG) 
and is determined by AG/generation interval. 

If, for example, the heritability for milk yield is 25%, the selected 
individuals (males and females) are 400 kg higher than the average of 
all animals, and the generation interval is 4 years, the rate of improve- 
ment would be (0.25 X 400)/4 or AG = 25 kg. But if the generation in- 
terval is 6.5 years, the annual gain (AG) would be about 15 kg. This il- 
lustrates the importance of keeping the generation interval relatively 
short. 

Non-genetic Factors 

The effects of the environment on the animal’s performance are im- 
portant non-genetic factors influencing rate of improvement. Even 
though attempts may be made to provide a relatively uniform environ- 
ment, random environmental differences among animals will occur. 
Identical twins have the same genetic makeup but they may vary in 
their performance because of environmental differences, such as an 
udder injury, which might influence milk yield, or infestation by inter- 
nal parasites, which might have occurred because one twin ate grass 
growing around droppings from an infected animal while the other 
did not. 

Where there are marked seasonal changes— wet and dry seasons 
—the environmental differences may mask identification of superior 
genotypes. For instance, a calf or lamb bom near the end of the wet 
season may be 30-40% smaller at 6 or 8 months of age than offspring 
bom near tire end of the dry season or early in the wet season. Con- 
sequently, every attempt should be made to subject all animals from 
which selections are made to the same environment as nearly as possi- 
ble. This will result in a larger proportion of the observed difference 
among individuals being genetic and will increase the accuracy of 
selection. It is important to adjust for known environmental differ- 
ences before making selections provided the environmental differ- 
ences can be evaluated. Some can be reasonably well defined. It is 
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common practice, for instance, to make adjustments for differences in 
age of animals. age of dam, and sex in beef cattle herds and forage 
calving in dairy herds. 


BASES FOR SELECTION 

The objective of selection is to bring about changes in certain charac- 
teristics. This transpires by culling the animals poorest for the traits 
chosen and keeping the best. This is simple in principle but proper 
execution is a very complex process. Selection is chiefly based on UJ 
individual performance or group performance, (2) pedigree informa- 
tion, (3) progeny tests, or (4) a combination of all three. 


Individual or Group Performance 

Selection based on the individual’s own performance results in the 
highest rate of progress toward improvement when the heritability 
for the trait(s) is high. Growth rate represents an example. Selection 
on the individual’s performance also allows the most rapid turnover of 
generations, thereby decreasing generation interval. It is recom- 
mended that individual performance be used for traits that have me- 
dium to high heritability and can be measured directly on the indi- 
vidual— e.g., milk yield, growth rate, and wool clip. 

Family or group performance may be related to progeny tests, or 
to general selection programs. For a general program of mass selec- 
tion, the animals in a given group would be sorted into groups based 
on their own performance for one or more traits. The expected gain 
by this procedure would be equal to 0.5 h 2 D or V, (heritability X selec- 
tion differential). If the average weaning weight of calves from a herd 
were 160 kg and if the upper 50% — averaging 180 kg— were selected 
as replacements, the progeny would be expected to average */ 2 X Jr or 
0.30 x (180-160) or 3 kg higher than if no selection had been made. 


Pedigree 

A pedigree is basically a record of ancestry. In the past it constituted 
only the geneology of the animals related to the individual. This type 
oi ped^ree is of little value From a practical standpoint, knowledge 
performance of the parents is required if the pedigree is to be 
se . . ore recently, inclusion of production information about 
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ancestors has also been included to make the pedigree more useful. 

Record keeping is costly and time consuming, and when it goes 
beyond a single herd or flock it requires organizational structure. Due 
to insufficient numbers of trained personnel, inadequate communica- 
tion and transportation facilities, and virtual non-existence of breed 
societies or organizations to maintain records, the primary requisites 
for deriving pedigrees are not currently available in a number of 
countries. 

It can be argued that local record keeping is unnecessary follow- 
ing a decision to change the native stock by continuous crossing or 
grading up with importations of sires of improved breeds. This may 
sometimes prove true but as pointed out previously in the discussion 
of the grading up of native Criollo cattle to Zebus in several Latin 
American countries, the complete change of native stock may be a 
mistake. Another example comes from Iran, where Brown Swiss sires 
have been used for continuous grading up with native cattle. This has 
been pushed on a country wide basis. The milk yields of the first 
generation crosses were far superior to those of the native cattle. The 
process appeared promising, but the results were disappointing with 
the first and second generation of backcrossing to Brown Swiss be- 
cause the performance of the latter group was very near the level of 
the indigenous group. 

Pedigree information, including identification of parents and 
close relatives and some estimate of their performance, is well worth 
the effort when one considers that decisions on a mating to produce a 
male for use in a dairy herd are only confirmed through his progeny. 
This takes 5 or more years in the U.S. but 7 or more years where sires 
are not put into service until about 3 years and females do not calve for 
the first time until 3.5 years of age or later. Pedigree information is 
also useful in selecting among young animals before their own per- 
formance or their progeny’s performance is known. It can serve too, 
in selecting for traits that are measured late in life, such as longevity 
and susceptibility to disease, or traits expressed only in one sex, such 
as mothering ability. In addition, good pedigrees are valuable in 
selecting against inherited defects, such as dwarfism or susceptibility 
to cancer eye. 

In using pedigree information, only the nearest or closest rela- 
tives should receive extensive consideration, since the more distant 
relatives can influence the makeup of the individual only through the 
closest relatives, sire and dam. The performance of the poorer an- 
cestors should, however, be considered along with the best perfonners 
because the influence of all grandparents is, on the average, the same. 
In short, in selecting animals from pedigree, the proportional weight- 



312 


LIVESTOCK BREEDING 


ing is based on reliability of information. If, instance, the sire .of 
an individual has a reliable progeny test, then 50% of his estimated 
superiority is used as 1/2 the total weighting in the pedigree. 1 he 
rest comes from the dam’s side. The estimated superiority from the 
dam may be taken as 50% of her deviation from the herd average. 
Since a single record may be subject to serious environmental effects, 
if there is performance information on the parents of the dam, this 
should be included. A better procedure is to accrue the dam s contri- 
bution by crediting the dam with 10% of her deviation from the herd 
average plus 35% of the estimated superiority of the dam’s sire and 
5% of the maternal grandam’s superiority over her herdmates. 

After the individual has acquired a performance record, the pedi- 
gree evaluation is usually reduced to 33%, and 67% is credited to the 
individual’s performance. The individual's superiority is estimated as 
67% of her deviation from herdmates for the trait under considera- 
tion. The 33% pedigree portion is weighted as stated above. This is 
the procedure often employed by dairy cattle breeders. In beef cattle, 
pedigree selection on close relatives is considered about half as 
accurate as the individual’s own performance record. 


Progeny Tests 

Progeny test information is the best for selection, if the information is 
adequate. Progeny tests are most useful in the selection of sires par- 
ticularly when a trait can only be measured in one sex— e.g., milk 
yield. Also selection for traits with low heritability — e.g., calving 
interval — should be done through progeny test. The main advantage 
of progeny test information is accuracy. The disadvantages of progeny 
testing are the less intensive culling because of the small segment 
of the population that can be properly evaluated; the longer genera- 
tion interval required to obtain test information; the lower accuracy 
as compared to individual performance if too few progeny are tested 
or the evaluation is not good; and progeny testing is expensive. 

correlation of 1.0 would reflect complete accuracy between esti- 
mated breeding value based on progeny test information and actual 
ree ing va ue. A perfect relationship is not realized in large animals 
ecause o e^ limitations on number of progeny. A large number of 

Per Si £ 6 afe * equire( * in order to obtain progeny averages 
of u *° , ran k sires for their breeding value. The magnitude 

. 6 f en 1 ^ * s a ^ so a f actor - The accuracy of selection on the 
brood i Pr0 . gei ^ average (correlation between estimated and actual 
breeding value) is illustrated by the following: 



Percentage of Total Daughters 


IMPROVEMENT THROUGH BREEDING 313 


Correlation between estimated and 
actual breeding value for /i 2 


No progeny 

/i 2 = 010 

If = 0 30 

If = 0 50 


1 

0 16 

0 27 

0 35 

6 

0 36 

0 57 

0 68 

10 

0 45 

0 67 

0 76 

50 

0 75 

0 89 

0 93 

100 

0 85 

0 94 

0 97 


When selection is for milk yield, progeny testing is the only 
means of evaluating sires in spite of its limitations But when the 
trait can be measured by the male’s own performance— e g , growth 
rate— selection on individual performance is probably best unless 
there are several progeny per sire With hentability of 0 10, 0 30, and 
0 50, progeny test information on one progeny is approximately one- 
half as accurate as information on individual performance About six 
progeny per sire are required to make progeny test selection approxi- 
mately as accurate as individuals performance selection at the three 
levels of hentability 



ficuhe 9 l 

Production distribution of daughters of a —450 kg sire and a +500 kg sire (Adapted 
from Carter 1969) 
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It is desirable to have more than one sire being used at a Riven 
time Hi a herd or herds since the merits of a progeny test he pnncn 
pally in the ranking of sires available at a Riven time. The larger 
number of sires with a reasonable number of progeny, the greater the 
opportunity for a high selection differential. 

Since progeny tests arc based on the average performance o! 
progeny, not all the daughters of a sire with a high plus proof will lie 
above the breed or herd average for milk yield or all those of a minus 
sire below the average. The production distribution of daughters oi a 
-450 kg sire and daughters of a+500 kg sire (Figure 9.1) illustrate the 
point. The poor bull will have some very Rond daughters, hut the high 
plus sire will have more than twice the number of daughters with 
milk yields above the breed average. 

In spite of its limitations, progeny test information should be used 
for all traits, especially traits of low heritability, traits that can not be 
measured on the individual, and traits expressed in only one sex. 


Combinations 

As guidelines for selective improvement, information gleaned from 
pedigrees, the individual’s own performance, and progeny are all 
useful, but singly each has limitations. Each serves a purpose, but 
together they should be considered as building stones for the ultimate 
objective which is to utilize a combination of all three. In a sense each 
corresponds to a stage of life in the individual. Pedigree information 
can be used as a predictor before the animal is bom. Individual per- 
formance comes at some later stage of life, the time being dependent 
on the trait used as a measure, and progeny test comes even later. 
Seemingly, the best policy would be to make initial selections on the 
basis of pedigree, followed by further selections on individual per- 
formance records, and final decisions on differential reproduction or 
the contribution a male or female may make in subsequent years 
determined on the basis of progeny test information. 


TYPES OF SELECTION 

In general, there are three recognized types of selection: (1) tandem, 
dices) eP<!ndent CUU ‘ ng leVelS ' “ nd (3) indices of merit (selection in- 
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Tandem Selection 

In tandem selection one trait at a time is emphasized; when the de- 
sired level of performance is reached, a second trait is emphasized, 
and so on. The major disadvantage of this type of selection is that if 
executed to the fullest extent, some animals poor in other traits essen- 
tial to their functioning in a given environment may be retained as re- 
placements. It is therefore not recommended for most farm livestock. 


Independent Culling Levels 

Selection based on independent culling levels requires that rather 
specific levels of performance be attained in each trait in order for an 
animal to be retained as a replacement. This system can be effective 
but has the disadvantage of not allowing slightly below standard per- 
formance in one trait to be compensated for by superior performance 
in another. For example, the independent culling levels among fe- 
males in a dairy herd might be +100 kg milk yield and +0.1% milkfat 
test over the group average. These criteria would require rejection of 
a cow with +300 kg of milk and —0.2% milk fat test. If there was in- 
terest in increasing the herd milk yield as rapidly as possible, progress 
would thus be slowed by rejection of the cow with a high superiority 
in milk yield. 


Selection Index 

The use of an index of net merit gives weight to various traits in pro- 
portion to their relative economic importance, the heritabilities of the 
traits, and the genetic association, if this exists, among the traits. Gen- 
erally this is the most effective type of selection procedure since it 
allows slightly subpar expression in one trait to be offset by outstand- 
ing performance in one or more others. In the example above, the 
+300 kg superior cow would probably be considered as satisfactory 
replacement on the basis of a selection index. Also, by giving weight- 
ings to traits of higher heritabiiity or greater economic importance, 
this system increases net merit. 

The selection index should be restricted to as few traits as neces- 
sary and to those with a reasonably good level of heritabiiity. The 
larger the number of traits included, the slower the progress in any 
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single trait. Differences in heritability should be considered in selec- 
tion in order that there be an opportunity for selection on traits which 
will respond. If a trait has an extremely low heritability (less than 
10%), little genetic improvement can be recognized in a few genera- 
tions. Giving such a trait emphasis reduces the emphasis that could 
be given to traits with greater potential for response (heritability of 
20% or higher). While traits of low economic value in relation to yield, 
such as hair coat color or shape of horns, should be given little or no 
attention in selection for performance, all heritable traits of economic 
value ought to be considered concurrently. The attention they receive 
is determined by their relative economic value and their heritability. 

Although selection on the basis of all economically important 
traits simultaneously will result in the most rapid improvement in 
genetic merit involving all traits, it may be preferable, in the early 
stages of selection among indigenous stocks, to give primary emphasis 
to selection on a single expression of performance. If milk yield, abil- 
ity to let down milk without a calf present, temperament, lactation 
length, and calving interval were all traits needing emphasis, selec- 
tion of females on milk yield alone, when the cows are milked without 
the calf present, would most likely give adequate emphasis to the 
other traits in the early phases of a selection program. Obviously, tins 
would be simpler than attempting to employ a weighting procedure 
for each trait. 


For improvement through selection, the trait or traits must be 
characterized. The more precise the measure the better. In recent 
years, the technical literature has abounded with recommendations 
on selection of animals in a tropical environment for “adaptation.” 
This is not a single identifiable trait, but rather an overall assessment 
of the animal’s response to the environment, which varies with the 
acceptable standard established. About the only time adaptation be- 
comes a single trait criterion is when the conditions of the environ- 
ment— either feed supplies or disease— are so acute as to make sur- 
vival the primary factor. On the other hand, cattle with a low growth 
0-4 per day frorp^weaning to time of sale— may be accept- 
a e in one environ thus considered adaptable, but unac- 

ceptable in annp“«fln short, selection differentials expressed as de- 
lat.ons fm^-indwidual herd or g:\up averages are advisable for 
herrU ^ iwA ° nS one e n vi ronjment, but comparisons between 

ab „ T standards of performance can be undesir- 

JVand misleading due to environmental differences, especially if 
tbf measures of traits are not well defined. especially 
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TRAITS TO CONSIDER 
OTHER THAN PERFORMANCE 

The traits we would like to change in our livestock are numerous, 
ranging from high yields or rapid growth rate to elimination of horns. 
In general, we like to allocate priorities for selection as highest for 
those traits that will increase the out turn of end product desired 
(production traits). Second priority emphasis should be concerned 
with reduction in the frequency of occurrence of the traits that inhibit 
maximizing performance — e.g., traits that lessen fitness. Third priority 
should go to changes in those traits that will make the animals more 
attractive to owners or other potential users — e.g., color or body con- 
formation. The order of priority can not he rigid, however, it must 
vary to some extent with species and desired end product. The traits 
associated with performance are discussed in subsequent sections by 
species. Those related to a very important aspect of fitness — reproduc- 
tive performance— are covered in Chapter 12. The sections that fol- 
low are concerned with other aspects of fitness, abnormalities, and 
resistance to disease. 


Abnormalities 

Abnormalities inherent in the animal rate a high priority when reduc- 
tion of frequency of occurrence determines whether the species will 
survive in a given environment. More than 90 abnormalities have 
been described for cattle, sheep, swine, horses, and poultry (Stor- 
mont, 1961). Those of genetic origin are amenable to control if the 
“carriers” can be detected. Detection of the carriers is straightforward 
in the case of the dominant abnormalities, such as achondroplasia in 
cattle and lethal grey in sheep. 

The majority of congenital disorders for which some proof of in- 
heritance is established are due to a single autosomal recessive gene 
with no visible effect on the heterozygous individual. Some of the 
more common lethals or semilethals in the homozygous state are 
mulefoot and muscle contracture in swine and cattle, semihairlessness 
and leglessness in pigs, and short spines in cattle. The one receiv- 
ing principle attention among beef cattle breeders in recent decades 
is dwarfism, although individuals with this condition appear in all 
species. Among abnormalities of a semilethal nature are muscular 
hypertrophy, often referred to as “double muscling,” which occurs 
rather frequently in Charolais cattle and cancer eye in Hereford cattle 
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FICURE 9 2 

A Hereford showing a serious case of 
ocular carcinoma (cancer eye), a malignant 
neoplastic growth involving the eye and 
orbital region. (Courtesy J. C. Bonsma, 
University Pretoria). 


(Figure 9.2). With proper precautions, animals with these conditions 
may be maintained and used effectively; however, susceptibility to 
cancer eye resulting from low level of pigmentation of the eyelids, 
would be undesirable where the likeliness of solar radiation is high- 
The hentability for eyelid pigmentation is relatively high (.60-.80), 
consequently, it would not be too difficult to eliminate the condition 
from the population or at least keep it under control. Double muscling 
in Charolais cattle is preferred in certain areas of Europe, but because 
the condition impairs movement and worsens with age it would not be 
desirable where cattle are expected to exist by grazing. 

Some abnormalities, such as dwarfism or mulefoot in cattle. 


appear to interact with certain other physiological functions to reduce 
the animal’s overall resistancp^^ess. These are examples of com- 


plete penetration since tb£nvironment,S!? ange phenotypic character- 
istics but affect fu-ctirt'standards of r»f>rfn™*? rocesses ' Susceptibility 
to bloat due to e„viron m enteldX£ ei " E " f 


being of genetic origin. 


If so, are no. well defined. Penetration 
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Resistance to Disease and Insects 

Although there is considerable tradition attached to the question of 
inherited resistance to various diseases and insects, there is only 
limited information suggesting that breed, strain, or individual 
genetic differences exist Genetic measures to control diseases in 
farm livestock have been employed m the past, although they have 
not been recognized as such The traditional method for eradicating 
tuberculosis has involved testing and slaughter of infected animals 
Working on the assumption that animals that do not react to the test 
are resistant to the disease, breeders have allowed the non-reactors 
to contribute the preponderance of animals to the subsequent genera- 
tions This has led to eradication of tuberculosis m a number of areas 
through what might be considered selective breeding of resistant 
stock Attempts have been made to eradicate brucellosis through 
slaughter of infected animals, but this has met with very limited suc- 
cess 

Selection for genetic resistance to disease has received most 
attention in poultry It has been demonstrated that resistance to pul- 
lorum and marek’s disease can be increased by selection Strains of 
White Leghorns with high resistance to these diseases have been de 
veloped (Hutt, 1964) There is also some evidence of certain breeds or 
strains of poultry being resistant to ten or more other diseases 

Studies by Lush (1950) and Young et al (1960) have suggested 
that the hentability for resistance to mastitis is of similar magnitude 
as the hentability for milk yield m European breeds of dairy cattle 
However, we do not understand enough about the disease to construct 
a good index for ranking animals In the study by Young et al , the low 
genetic correlation between clinical mastitis and bacterial infection 
(0 23 to 0 29) indicates that selection for either of these would have 
little effect on the other The high genetic correlation between 
leucocyte count and each of the other indicators of mastitis (0 80 or 
higher) suggests that level of leucocytes may be an effective criterion 
On the other hand, leucocytes are one of the most important defense 
mechanisms of the body, so if we select cows with low leucocyte 
counts, we might end up selecting the most susceptible instead of the 
most resistant cows 

In the wet tropics of southeast Asia and Latin America, European 
type cattle frequently develop foot rot with infectious sole erosion 
while Zebu cattle remain largely unaffected The first generation 
crosses between European and Zebu do not seem susceptible, but the 
disease becomes a major problem with animals of 3/4 or more Euro- 
pean blood, implying a genetic relationship Observations from areas 
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of Latin America suggest a similar variation among breed groups in 
infection by vesicular stomatitis, which affects the mucosa of the 


mouth and skin of the feet. . . 

Groups of animals that have had a long exposure to attack by 
certain organisms have probably evolved some resistance to them, 
whereas groups not previously exposed have not Studies with hve 
strains of Australian Merino sheep, one of which was developed in an 
area of low rainfall, showed that the low rainfall group was markedly 
more susceptible to fleece rot than the strains from areas of medium- 
to-high rainfall when placed in a high rainfall area (Dunlop and Hay- 


man, 1958). 

There are many other diseases caused by pathogenic organisms 
for which there is little evidence of genetic resistance. Such a disease 
is hog cholera. Still others, like aftosa, have supporters as being more 
prevalent among European type cattle than among Zebus, but this 
hypothesis is based largely on observations of newly introduced ani- 
mals. At present, the general consensus is that even though there is 
some evidence for genetic resistance to pathogenic diseases, little is 
known about the genetic mechanisms influencing them. 

Some examples of protozoa diseases for which genetic immunity 
has been claimed are tick fever, heartwater, African trypanosomiasis, 
anaplasmosis, piroplasmosis, and East Coast fever in cattle. N’Dama 
cattle and West African Shorthorns are said to have a high degree of 
tolerance to trypanosome infestations, based on the observation that 
these breeds survive in tsetse areas where other cattle succumb; but 


no evidence has shown that the tolerance is genetic. Another example 
of possible uniqueness in resistance comes from the studies by Botero 
et al. (1969), who showed that the Blanco Orejinegro breed of Criollo 
had lower infestations of Dermatobia hominis, the parent of the no- 
torious and destructive Torsalo grub, than three other Criollo breeds 
or Zebu. Preliminary evidence from Australia shows evidence of 


genetic differences among groups of European breeds of cattle in 
tick resistance. 


Stobbs (1966) introduced heifers of the Boran breed that had 
been artificially immunized from Kenya into an East Coast fever en- 
demic area of East Africa. These heifers were 57% heavier at 12 
m ° n Acer ^ an nat * ve East African Zebu contemporaries and they 
were o larger at 3 years of age. From this evidence that artificially 
immunize eifers grew more rapidly when exposed to East Coast 
tever, he estimated that the heritability for East Coast fever must be 
near zero. 


Instead of genetic resistance to disease per se, there may be traits 
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with genetic association that directly influence resistance to diseases 
transmitted by vectors as well as to the syndrome to stress of a tropical 
environment. Observations made in this field point to the fact that 
Zebu and Criollo cattle suffer less from ticks than European type cat- 
tle. Among the reasons advanced are shorter hair coat, greater num- 
ber of hair follicles per unit of body surface area, thicker skin, denser 
epithelial layer, greater depth of hair follicle, and perhaps peculiar 
secretions from the sebaceous glands exudated through the skin 
which acts as a repellent. At present it appears that more attention 
should be directed to selection for anatomical traits that may aid re- 
sistance to protozoa diseases, such as those indicated in Chapter 5, 
rather than to genetic factors that remain too poorly defined to be 
incorporated directly into a selection index. 

Although Hutt (1958), among others, has advocated a strong need 
for livestock breeders to follow in the footsteps of plant breeders in 
selecting strains for genetic resistance to disease, most of the evi- 
dence currently available does not predict a very promising future for 
disease control through genetic means. Most animals have a general 
resistance to one or more pathogenic organisms, but until research 
provides a better understanding of diseases and their relation to other 
economically important traits, more precise means of classifying ani- 
mals as to resistance, and satisfactory identification methods that can 
be used early in life, selection for resistance does not merit high prior- 
ity. Furthermore, a system of selection for disease resistance would 
probably be expensive and there is no assurance that changes in dis- 
ease organisms would not be greater or more rapid than the genetic 
progress that can be made in farm livestock. This does not mean that 
it is not worthwhile to exploit tolerance to disease by induced im- 
munity. This point is discussed in Chapter 13. 


MATING SYSTEMS 

When the mating of individuals is made without regard to similarity 
of pedigree or similarity of performance (phenotype), the system is 
described as random mating. This occurs where there is no control 
exercised but the mating systems employed by livestock breeders 
center around attempts to produce changes in the frequency of the 
genes in a herd or population either in increasing homozygosity, 
through mating individuals which arc alike because of pedigree or 
phenotypic similarity. Or conversely, mating individuals which are 
unlike, either from pedigree or phenotypic standpoint to increase 
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heterozygosity. These two systems arc typically referred to as in- 
breeding and outbreeding, respectively. Within the two, other grada- 
tions are often identified, such as linebreeding, outcrossing, cross- 
breeding, and grading up. 


Inbreeding 

Inbreeding is the mating of individuals that arc more closely related 
than the average of the breed or population while linebreeding is a 
milder form of inbreeding. Inbreeding normally has some adverse 
effects on most performance traits or results in reduction in general 
vigor. Linebreeding may also reduce vigor hut if the animal to which 
a herd or flock is being linebred is one of truly outstanding merit, 
the increase in performance from intensifying the genes of an out- 
standing individual may more than offset any decline in performance 
due to inbreeding. Because of the probability of a decline in vigor 
and the high degree of selection required to make this method ef- 
fective, inbreeding should he employed only in herds of outstanding 
genetic merit. 

Outbreeding 

Outbreeding is the mating of individuals that arc less closely related 
than the average of the breed or population. Several gradations are 
used depending on the extent of the parental relationships as dis- 
cussed below. 


Outcrossing 

Outcrossing is the mating system in which the male and female 
come from the same breed or strain but are unrelated, at least in the 
immediate parents and grandparents. Outcrossing combined with 
selection is a useful procedure for intrabreed improvement for mod- 
erately to highly hereditary characters. However, the mating of 
selected animals in outcrosses results in a few undesirable genes 
bemg fixed in homozygous form. The practice of continually selecting 
the best available, but unrelated, males for use is an outcrossing 
* yS ra ^ e * n k ee ^ production is an example of a trait with 

ra er ig heritability for which outcrossing should be effective, 
infh ° UrSe ’*i! C se e ^ 0n differential among the parents will markedly 

influence the rate of progress. 
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Crossbreeding 

Crossbreeding is a form of outbreeding that generally refers to 
the intermating of animals from different established breeds. This 
system of mating is used mainly to (1) obtain heterosis or hybrid vigor 
for traits of economic importance, (2) serve as an initial step in grading 
up or changing a population, or (3) serve as a basis for development of 
a new strain. Inter-breed matings have also been used as the most 
rapid means to shift the type of animal to meet fluctuating market de- 
mands, to test for possible weaknesses in pure stocks, and to change 
some characteristics that do not respond very well to selection. 

Crossing of breeds to obtain the benefits of heterosis is currently 
employed quite extensively in commercial production of livestock. 
The heterosis obtained by crossing is defined as the superiority of 
hybrids or crosses over the average of the parental types or over either 
parental type. The genetic reason for heterosis is not entirely under- 
stood, but the proposed hypotheses for the genetic bases are domi- 
nance, overdominance, and epistasis. The effects of favorable gen^s 
are generally dominant to those of unfavorable genes. When lines, 
breeds, or species with different gene frequencies are crossed, the 
resulting offspring will be more heterozygous than their parents and 
the dominant favorable genes will mask the unfavorable recessives. 
If this occurs, the performance of the hybrid will surpass that of the 
parents — even the better parent— if both favorable and unfavorable 
genes were present in each parental line. In other words., each 
parental line or breed will be homozygous for some loci, for favorable 
genes at some and for unfavorable genes at others. If the first parental 
breed complements the second, the hybrid or cross will have favor- 
able genes at more loci than either parent. Consequently, when 
favorable genes are dominant, the performance of the hybrid will be 
superior to that of either parental line. 

The second explanation, or partial explanation, for heterosis 
involves epistasis or interallelic interactions. This possible basis of 
heterosis would occur if the combination of heterozygotes resulted in 
an interaction such that a phenotype larger or in other ways mor<» 
desirable than would be expected from average phenotypes would 
result. 

The third hypothesis explains heterosis by the so-called over, 
dominance theory. This theory suggests that the heterozygote i$ 
superior to either the homozygous dominant or the homozygous re> 
cessive individuals. 

At present, the best hypothesis for heterosis from crossing is that 
nil of the foregoing possibilities may be involved. But a full under^ 
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standing of the genetic basis of heterosis requires further knowledge 
of the physiology or gene action and the physiological reactions re- 
suiting in heterosis. 


Grading Up 

Generally this system of mating involves the practice of breeding 
purebred sires of a given breed to low quality or "nondescript fe- 
males continuously for several generations. The concept may be 
applied too for the use of high quality sires within a given breed. It 
usually refers, however, to the use of introduced breeds, primarily 
European types, to change the characteristics oflocal types. 

A resume of the results of the foregoing systems of mating and 
their possible applications to situations in the N-S 30° latitudes »s 
given in Chapter 10. 


SELECTION OF LIVESTOCK 

Whatever the system of mating employed by the livestock breeders, 
selection is the key to success. The questions are: What should the 
goals be? And how may they best be achieved within the resources 
available or those which can reasonably be made available. These 
questions are discussed below by species. 


Dairy Cattle 

In a dairy enterprise, the sale of milk is normally the primary goal, al- 
though the returns from beef, breeding stock or bullocks for agricul- 
tural power may make a significant contribution. A number of factors 
other than milk yield may affect the economic returns, from dairying 
-among them, the fat content of the milk. 

The major opportunity for selection to improve dairy production 
m most tropical areas will probably be offered by institutional farms 
maintaine to supply seed stock or commercial enterprises engaged in 
systematic production of milk. These are the herds where environ- 
are mosl likely to approach the level required for 
Ontimal *1 ^° SS1 e Senetic variation among individuals or groups, 
herd* , nvironm ® nts are necessary because, even in well managed 
expected genetic change per year for most traits is meager. 
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In some countries a single breed type is widely distributed, but 
in most , the cattle are of three types: (I) high grades of European 
breeds, (2) intermediate breeds produced as direct crosses between 
European and indigenous breeds, and (3) indigenous stocks. A num- 
ber of good texts, such as Rice et al„ 1967, deal extensively with ex- 
pected progress in selective breeding in European breeds. The en- 
suing discussion will be concerned principally with current evidence 
on the prospects of improving indigenous stocks, although some 
values for European breeds in temperate zones are included for com- 
parative purposes. 

In Table 9.1 are some representative repeatability and heritability 
estimates for characteristics of European dairy breeds in temperate 
zone areas. It is evident from the values that most rapid genetic 
change could be expected through selection for fat content. Changes 
in protein content could also be brought about fairly rapidly. But 
changes in milk yield and other traits in the 20-40% range would 
be slower, and little gain could be expected for traits associated with 
reproduction and tolerance to hyperthermia conditions. Most of the 


TABLE 9 1 

Some representative repeatabilities and ranpe of heritability estimates for 
characteristics of European dairy breeds tn temperate zone areas 






Genetic 



Heritability 

correlation ivith 

Characteristic 

Repeatability 

<%) 


milk yield 

Milk yield 

35 to 60 

20 to 

30 


Fat (%) 

70 

50 to 

60 

~~ 20 to — 50 

Protein (%) 

42 

45 to 

55 

- 20 to - 45 

Fat yield 

49 

20 to 

30 

85 to 95 

Total solids yield 

47 

20 to 

30 

85 to 95 

Feed efficiency 

60 

30 to 

40 

50 to 60 

Mastitis 

31 

10 to 

30 

9 

Mature size 


30 to 

50 

“ 20 to 4- 10 

Milking time 

52 

30 to 

40 

9 

Type score 

.48 

15 to 

30 

00 to .20 

Reproductive efficienc) 

04 

0 to 

10 

? 

Services per conception 

.00 to 22 




Calving interval 

Da>$ 1st service to 

07 to .13 

0 to 

5 


conception 

.11 

7 



Di> s open 

Response to st indard 


9 



heat-tolerance test 

-17 to .20 

-1 to 4-15 

-03 

Rite of milking 

JSH 

SI 


.49 
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estimates in Table 9.1 include multi-herd samples and sizable nnm- 

TS By Contrast, the estimates for some similar characteristics of in- 
digenous stocks involve single herds and rather small numbers o 
animals; and, with one exception, all herds were maintained 1 at 
government stations. Nevertheless, most of the repeatability and 
heritability values for the indigenous stocks fall within the same 
ranges as those for European breeds (Table 9.2). The indigenous 
stocks were subdivided into “selected” and “random groups- me 
“selected” group represented herds that had been establishe on 2 
enough-for two or more generations -to have been produced from 
the foundation stock. The “random” group represented herds that 
had been in existence for fewer years; but during this period they 


TABLE 9 2 

Phenotypic and genetic parameters (u-ithin herd) for “selcctctl 
and “ random ” bred cattle of tropical origin 


Characteristic 

Repeatabdity 

Heritability 

(%> 

Est. genetic* 
gainlyr 
<%) 

SELECTED* 

Lactation milk >ield 

.41 to 65 

16 to 28 

30 to 74 

Lactation length 

.42 to 46 

-13 to +10 

00 to .60 

Calving interval 

07 to 42 

Oto 88 

00 to 07 

Age at first calving 

00 to 37 

0 to 39 

00 to .15 

Length of dry period 

00 to .11 

— 1 to + 4 


Milk-fat percentage 

.32 to 64 

22 to 34 


Birth weight 

43 to 72 

- 1 to +17 


6-month weight 

41 to 76 

- 1 to +13 


2->ear weight 

34 to 88 

18 to 27 


RANDOM' 

Lactation milk > leld 

32 to 76 

20 to 64 

00 to. 15 

Lactation length 

05 to 51 


00 to 03 

Calving interval 

14 to 67 



Length of dry period 

10 to 24 



Age at first cal\ ing 




Birth weight 


17 to 33 



mat raj 


, , |~~ ~ TV" Elmcntion interval 

Brazil ’k^ar'uTc.'r 0 ^ BuUna. Sudan Cnolln C. 


•thi. Irxiu. Sgunt, Ngamja. and 

arro Ethiopia, and Blanco Orejinegro. 
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were expanding, hence, little or no culling or attention was given to 
selection of sires beyond their phenotypic characteristics The se 
lected group included one or more herds of seven recognized breeds 
in six countries, while the random group consisted of 11 breeds in 
seven countries, largely single herds per breed For these reasons, the 
hentability estimates are somewhat more variable in the random 
group — e g , —53% for length of dry period as compared to near zero 
in the selected group Another basis for the subdivisions is the charac- 
teristic coefficients of variation The coefficient of variation for milk 
yield in the selected group is only slightly higher (23-38%) than for 
European breeds (15% on a within herd and year basis, or 18-20% 
on an intra-herd basis) as compared to 38-149% for the random group 
The magnitude of the coefficient of variation in the indigenous 
groups indicates an opportunity for selection The distribution of 
yields shown in Figures 8 12-8 15 portrays the extent of the variability 
for milk yield in four breed groups Even though the potential may 
exist, the progress that can be realized by selective breeding in the 
indigenous stocks hinges on numerous factors These include the 
numbers of animals available, the fluctuations in the environmental 
conditions, the relationship of milk yield to other important traits, and 
the accuracy of systems for identification of superior genotypes 


Milk Yield 

The milk yield per cow per year with an acceptable composition 
and the length of the cow’s productive life are the primary factors for 
economical dairy production These are influenced to varying degrees 
by feed supplies, length of lactation, frequency of milking, age of first 
calving, calving interval, body conformation, body size, milk let- 
down, fertility, longevity, feed efficiency, resistance to disease, and 
docility Since the average milk yields are very low in the majority of 
the indigenous groups, as measured by temperate zone standards, it 
seems that milk yield should be given first priority in selection, and 
other factors considered only as they relate to milk yield Fortunately, 
most of the factors have a direct relationship to total milk yield (Table 
9 1) At least this is the case in European breeds and there is no reason 
at this point to expect dissimilar relationships m the indigenous 
types The fat, protein, and total solids contents of the milk of tropical 
breeds are all at least one percent higher than for several European 
breeds (e g , fat percent 4 to 5+%) More total fat and protein ma> be 
expected from increased yield than from direct selection for these 
components So it would seem that for the predictable future little 
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emphasis should he Riven to increasing fat or protein percentages 
especially since they have negative relationships to milk yield, 
may be that in selecting dams of sires, cows with milk below 4.0 % Tat 
and 3.0% protein should be excluded. 


Lactation Length 

Lactation length has a fairly high correlation with lactation yield 
in all groups (Holsteins 0.50, selected indigenous cattle 0.42 to 0.60, 
and random indigenous cattle 0.44 to 0.67). As stated in Chapter . , 
the average length of lactation in many groups of indigenous cattle is 
50 to 100 days shorter than for European breeds. There is evidence of 
some genetic influences but heritability is low at least in the selected 
group (Table 9.2). If this is true, selection for increased milk yield will 
give appropriate emphasis to extending lactation length. 


Age of Calvin g 

Age of first calving of indigenous groups averages from 4 to 33 
months later than for European breeds. Environmental effects are 
important, but genetic influences may also be involved, as illustrated 
in Table 9.3. The difference between the average age of first observed 
estnis for Jerseys and Red Sindhi-Jersey crosses in Beltsville, Mary- 
land (temperate) and the age for similar cattle in Jeanerette, Louisiana 
(subtropical) was large, indicating some environmental effects, how- 
ever, the later onset of estrus in crosses with 1/4 Jersey at both loca- 
tions and pure Red Sindhi at Jeanerette suggest a genetic relation 
between breed and age of first estrus. A series of experiments in India 
with the Red Sindhi, Tharparkar, and Sahiwal breeds, on medium and 
high levels of nutrition, showed that the average age of first estrus 
could be reduced from 26 to 21 months by level of feeding. Even 


TABLE 9.3 

in da ys of first estrus in Jerseys 
and Red Smdhi-Jersey crosses at luo locations 


Herd 


Jersey 




Belts* ille 
Jeanerette 


'hi 


Red Sindhi 


404 ± 2 9 
497 ± 126 


397- 55 
497 - 26 8 


418*53 
485 * 96 


444* 7.9 
533 ±21 9 


790 * 3.7 


Souk* Adjpifd from McDowell et of 195) 
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though some emphasis should perhaps be given to selection for earlier 
age of first calving, it appears that the average age for indigenous 
groups could be reduced at least 12 months through shifts in manage- 
ment regimes 


Calving Interval 

Variations in calving interval among tropical cattle seem to have 
some genetic basis, as shown by the statistics for Blanco Orejinegto 
cattle, from Colombia, (372 days) and Harro cattle from Ethiopia 
(366 days) versus those for other groups from India and elsewhere 
(422-526 days) But as in the case of age of first estrus, environmental 
influences appear to be the major causes of long calving intervals The 
generally low hentability estimates further support the hypothesis 
that little change could be expected by selecting for shorter calving 
interval on an intra-breed basis 

The fertility level, measured as services per conception, is about 
the same for native and European breeds m their respective home 
environments (1 6-2 0) The repeatability for services per conception 
is low in European breeds (Table 9 1) indicating that environmental 
influences are much greater than genetic 


Body Conformation 

A number of breeders in the U S and elsewhere have given sub- 
stantial emphasis to body conformation or type characteristics of 
both males and females Some breeders who sell a large portion of 
their stock for breeding give 3 to 5 times as much emphasis to type as 
to milk yield in their selections, whereas, in commercial herds the 
emphasis is reversed Although breeds indigenous to the tropics 
would not rate high in the show ring by U S standards, they have 
few problems with bad feet and legs or udder attachments that break 
down to the point that they affect length of productive life There is 
some evidence that if machine milking were practiced, problems 
could anse with Zebu t>pe cattle, however 

Branton ct al (1966) reported that crosses between Red Sindlp 
and Jerse> with V, or less Jersey developed such large front teats at 
older ages that thc> were unsuitable for machine milking Wien the* 
same tjpes of cows sened as nurse cow-s to rear calves, calf losses 
were abnormaIl> high because the \er> young calves were umble to 
nurse the exceptional! v large front teats Similar experiences have 
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occurred in Brazil with Gir cattle (a Zebu type) 
nrercial dairy herds. No studies have been made on the henta ) > 

teat size in tropical breeds. Teat size is of no serious concern under 
hand milking systems but it could he a limiting factor in the uti 
some cattle if machine milking is expected. 


Body Size 

As pointed out in Chapter 8, the range in mature body size among 
tropical breeds is large. In general, the Sahisval breed of India is one 
of the largest breeds and is rated among the best milk producers, 
up to now little attention has been given to the association of size ana 
performance on a within breed basis. When selections are made tor 
increased milk yield, the average mature weight of the breed will 
probably increase to some extent. Based on data from European 
breeds, it would not be desirable to simultaneously select for body 
size. The rise in milk yield per 50 kg increase in body weight for 
of the same age is only about 100 kg (McDaniel and Legates, 196o). 
When the costs of maintaining the extra body weight are taken into 
account, the additional 100 kg of milk will not usually offset the costs. 
Some breeders in temperate areas hold the view that larger cows pos- 
sess more stamina and have longer productive life, but this has not 
been proven in either European or tropical breeds. Animal size 
should be given emphasis only if it is accompanied by increased 
yields of a ratio of greater than 2:1. 


Milk Let-down 

Rate of milk let-down is a serious problem not only in the utility 
of tropical breeds for commercial dairying but also in the assessment 
of dairy merit. For a large number of cattle, suckling by the calf is the 
only stimulus that produces a response (Mahadevan, 1966). However, 
suckling may not actually be required, it is common practice for herd 
owners of India and Venezuela to tie the calf near the head of the cow 
before milking, without letting the calf touch the udder until most of 
the milk has been removed. It is not clear whether the presence of the 
calf is sufficient stimulus or if the massaging of the udder by the calf to 
start the milk flow is necessary for the release of oxytocin from the 
maternal neurohypophysis. 

The maternal instinct or attachment to the calf in tropical breeds 
is greater than in most European breeds. It may be that the traditional 
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practice of having the calf present serves more to reduce nervous 
tension m the cow caused by the presence of the milker than to stimu- 
late milk let-down In a herd of Harro cattle in Ethiopia, nearly 50% 
of the cows either refused to let a milker near or yielded little milk 
when the calf was not present Branton et al (1966) found that 38% of 
first generation Jersey-Brahman crosses lacked the dairy temperament 
to adjust to a milking parlor routine An additional 26% had lactations 
of less than 150 days due to poor temperament The undesirable tem- 
perament seemed to be highly repeatable and heritable 

It is clear that when attempts are made to identify superior fe- 
males, some system must be devised to standardize the quantity of 
milk taken by the calf, either by merely having the calf present or 
letting it suckle for a standard length of time The other approach 
would be to avoid the use of the calf at all Initially, the average 
production of the herd would probably decline, but the development 
of several herds of cattle that let down their milk without a calf pres- 
ent— e g , the Sahiwal herd at Pousa, India and several herds of Gir 
cattle in Sao Paulo state, Brazil — indicates that early separation of the 
calf should be one of the environmental standardizations imposed at 
the outset of the selection scheme It may be difficult to change 
practices on older cows It is recommended that milking without calf 
be initiated with first calving If tins is done, these cows must be 
milked separately from old cows, or the change will not be effective 
Since the tendency for poor dairy temperament is closely associated 
with lactation length and low yields, selection for milk yield should 
improve dairy temperament 


Persistency 

Frequently indigenous cattle show poor persistency of milk 
yield which results in short lactations and low total yields Some 
genetic association has been indicated by progressive changes in 
crossbreds For example, first lactation persistency of milk yield was 
inversely related to the proportion of Zebu heredity in Red Sindh t* 
Jersey crosses (Table 9 4) The Jerseys and 3 / 4 J crosses were sigmfi- 
cantly (P < 0 05) higher in persistency than the Y, J crosses The 
ranking of the breed groups for persistency was the same as the rank- 
ing for milk yield, which means that selection for total lactation milk 
yield would enhance persistency 

Saxena and Kumar (1960) also showed, from a study of milk rec- 
ords on a herd of Sahiwals at the Indian Agricultural Research In- 
stitute, New Delhi, that low persistency \ alues corresponded to low 
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TABLE 9 4 

First lactation persistency of mllL yield for Red Slndhi- 
Jcrsey crosses and contemporary Jersey herdmatei. 


Breed group 

So. flnimait 

Mean’ 

Jersey 

75 

18 5^7.6 

S /.J 

2f> 

20 3± 1 8 G 


90 

37.1±42.8 

V«J 

31 

76 2±G0.2 


Sou ref AAiptnJ from Brsntoa rl cl . I9«i 
•Low value* indicate high pertUtmcy 


yields; but there was variation in persistency among poor yiclders. 
The levels of persistency, initial yield, and total lactation yield were 
positively correlated, with persistency alone accounting for about 
60% of the variation in milk yield. 

Observations in Australia with crosses of Jersey with either the 
Sahiwal or Red Sindhi breeds have indicated that level of the assay for 
the hormone prolactin might be included as a refinement in the over- 
all selection index. 


Longevity 

In general, reports convey the impression that cattle of tropical 
breeds remain in herds longer than those of European breeds. This is 
andlev 1 ° d f lSC T' however - dl,e to variations in age of first calving 
enlsTe J Pe t m ’ anC J e ,0lCral<id before culling as well as differ- 
York State Ac" TT*" 8 ^rds. For tested herds in New 

3 7 f herd life bc >™ d calving has been about 

am„S hre °ds S r e “""t WUh 3 4 ‘^Huns Per cow. Differences 

dominateTv H„K, V e e V ^ \ VidenL P «crto Rico, cattle ofpre- 
bnrduetokneS bre g , We “veraged 4.1 years in the herds 
Criollo cattle in V™. 8 ln j er Y :l s have completed only 3.1 lactations, 
herd life of nearly 5 years. 3 ^ aVeraged 3 6 lactations with total 

reveale^an rve a rage 8 he 1 ;d r hfe f oM n B ana “"o in India (Ngere ’ ]970) 

cattle averaged 3 1 lanfnH t ^ f years after first parturition. The 
fluenced by the period " l ^ iS **f r d * on Sevity was markedly in- 

foundation stock had an a COws ^ ere in die herd. Cows purchased as 
3-6 lactations. After the herd* 86 of 5,1 years and completed 

-as initiated, a designated size, and culling 

gevity was 3.8 years, with 2.8 lactations completed 
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per cow. A similar pattern occurred in a herd of Deshi cattle at the 
Haringhata station. 

We can say with certainty that a cow of an indigenous breed will 
likely last longer in a poor environment than one from a European 
breed. But given reasonably good levels of management, including 
feeding and disease control, any advantage for the indigenous cattle 
is doubtful. 


Feed Efficiency 

Attainment of the highest possible return over feed costs is the 
goal of a dairy enterprise. This may be maximized by keeping the 
cost of feed supplies as low as possible and having cattle that will 
utilize the feedstuffs most efficiently. Evidence to date from the U.S. 
indicates that selection for increased feed efficiency for the production 
of milk would be effective. Because of the high genetic correlation 
between milk production and efficiency, and because the ratio of the 
heritabilities of these traits appear to be approximately equal, selec- 
tion for milk production alone will automatically select for increased 
feed efficiency (Freeman, 1967). These findings are based on experi- 
ments with European breeds on levels of feeding well above those 
prevailing in the warm climates. 

In Table 9.5 are the averages for feed efficiency and milk yields 
of Jerseys and various crosses between Red Sindhi and Jersey on high 
and low levels of feeding. On high feeding the gross efficiency— ex- 
pressed as kg of 4% fat-corrected milk (FCM) produced per therm of 
estimated net energy (ENE) consumed— decreased with increasing 
Red Sindhi heredity in crosses. The Jerseys and V, J were significantly 
higher in feed efficiency than the V 2 , 7.,, or Vs J crosses. On low feeding 
(approximately 80% of recommended allowances), the Vs, 'L, and 
'It J crosses had higher efficiency than Jersey or % J crosses although 
the differences were not significant. 

In Uganda, East African Teso Zebu cattle showed only a 5% in- 
crease in lactation milk yield (534 kg to 561 kg) when fed concentrates 
heavily in addition to grazing as compared to grazing alone. Those re- 
ceiving concentrates gained considerably more weight than controls. 

The findings with the crosses in the U.S. and in Uganda hint that 
indigenous breeds may not respond to greater food supplies with 
increased milk yields. It is also evident that the level of feeding that 
can be provided should be considered in selecting the most suitable 
genotypes, particularly where feeding is to insure the highest return 
per cow. 
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effic, «*, f n S"7 

levels of feedinn for lactation period up to 305 days. 

Breed gr<)tij>i 



Jersey *hi 

•hi 

•hi 

•hi 


HIGH VEFDINC" 





Number of animals 

Feed efficiency* 

Body weight gain (kg) 
FCM yield/lact (kg)' 

18 11 
.81 .81 

49 57 

4559 4,172 

25 

.74 

59 

3,lf>9 

11 

.66 

39 

1,811 

7 

.61 

43 

1.721 

LOW FEFDtSO'* 

Number of animals 

8 7 

8 

G 

4 

.40 

Feed efficiency 

.36 .37 

45 

.41 

31 

Body weight gain (kg) 

-6-1 -44 

-14 

22 


FCM yield/lact (kg) 

3,010 2,887 

2,524 

1553 

1,tM4 


4 Ration of concentrate*. atf.Ua hay. and com .iU*c fed at 125% of Morrtvm rta_ni.nl (*ee Chapter T) 
‘Feed efficiency - Ig; of 4% fat corrected milk produced per them* of etti mated nrt energy connimeo. 
'FCM — 1*1 fat corrected milk. 

‘ Ration tame at * fed at 80% of Morrlton itandard 


In summary, it is apparent that the level of fat and other milh 
constituents is satisfactory in most tropical breeds. The animals body 
conformation is such that their herd life expectancy is as good as that 
of European breeds— or even slightly better. On the other hand, 
length of lactation, age of first calving, calving interval, rate of milk 
let-down, persistency, docility, and level of milk yield all need im- 
provement to make them acceptable for commercial dairying. Al- 
though there is some indication of small genetic influences for age or 
first calving and calving interval, both can be lessened significantly 
through management. Rate of milk let-down, lactation length, per- 
sistency, and docility are closely correlated with total lactation yield; 
therefore selection for milk yield alone will give emphasis to improve- 
ment in the other traits. Certainly this will be simpler than attempting 
to use a complex selection index. 

Mahadevan (1966) points out that because of strong maternal 
instinct toward the calf on the part of cows of most breeds native to 
the tropics and other factors it will be very difficult to distinguish true 
differences in the performance among individuals. He contends that 
the cow that produces only 100-200 kg of milk due to poor tempera- 
ment should be excluded from estimates of group or individual 
variation because this is not a real reflection of her genotype. It is 
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true that if such a cow were left alone to suckle her calf she would 
yield much more On the other hand, it is more realistic to take the 
position that selection of superior individuals must be done within 
well defined parameters to be effective If cows are to be milked by 
machine without the calf present, selection should be against those 
animals that do not respond to the environment irrespective of what 
they might yield under other environmental conditions 

If selective breeding is to be made effective in most areas, it is 
clear that governmental support will be required to provide technical 
supervision of recording and guidance in making selections, espe- 
cially in relation to progeny testing of sires The most satisfactory 
procedure will sometimes be for governments to establish “seed- 
stock” herds and distribute sires for use with the general population 
This method has been employed in several countnes (e g , Egypt) but 
the intensity of selection must be stepped up if genetic changes are 
to be effective 


Adjustments for Environmental Influences 

Since the lactation yield of individual cows results from the inter- 
play of heredity and environment, estimations of the dairy merit of the 
females in a herd at a given time should include adjustments for 
several measurable environmental influences The influences that 
have been considered in the temperate zone include length of the 
lactation period, number of milkings per day, age of the cow at parturi- 
tion, length of the preceding dry period, season of freshening, and 
days open (time from parturition to conception) Each of these has 
been studied in one or more herds of tropical breeds Some of the 
resulting adjustment factors are in agreement with those accepted 
for European breeds, while others have been varied widely 

The values for extension of incomplete records to a standard 
lactation period of 300 days (Table 9 6) and age adjustment factors for 
standardizing milk records to an age of 90 months of Hanana cattle 
(Table 9 7) represent near average \ alues for most tropical breeds 
(Ngere, 1970) The factors for converting incomplete records are often 
useful in extending to some standard base, records of cows that may 
have been terminated following the death of a calf, physical injury', 
an attack of mastitis, or aftosa The values for U S Holsteins (Table 
9 6) are based on massive data, while those for Hanana involve less 
than 600 cows Differences in numbers are no doubt responsible for 
the variation in the two sets of data up to 120 days 
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the percentages of genetic improvement that can he expected in dairy 
cattle are as follows: 



Percentage of 

Source 

improvement 

Sires of heifers 

18 

Sires oflmlls 

43 

Dams oflmlls 

33 

Dams of heifers 

6 


This shows that about 94% of the genetic progress comes from the 
selection of sires used in the herd and only about 6% from the culling 
of cows. Therefore, unless records are evaluated to identify dams o 
bulls, and in the selection of sires to produce the bulls, they wi 
hardly be worth the effort. 


Beef Production 

Traits to Consider 

In many respects selective breeding for beef production is dif- 
ferent than for dairy. Although the aim of selection appears simpler, 
it is complicated by different criteria of excellence, such as variation 
in type of carcass desired from country to country, and by the fact that 
the range of environmental conditions under which cattle are kept to 
produce beef is usually wider than for dairy animals. Accordingly, it 
is important that those concerned with selective breeding ask them- 
selves what kinds of environmental situations they foresee for the 
next two decades. No doubt some systems of agricultural production 
will remain unchanged, whereas in others improvements in manage- 
ment and disease control may be feasible. If it is likely that the 
present environmental situation will continue, breeders must de- 
termine how extreme the genotype environmental interaction is 
before attempting improvement. 

Within a given area, the general aims of selection may be fairly 
clear. Most of the time, the characteristics of economic importance can 
be divided into three groups. (1) reproductive performance, (2) growth 
rate, and (3) carcass characteristics. Frequently, low reproductive 
performance is the most serious problem, but selective breeding 
otters little hope for improvement as indicated by the heritability 
estimates for calving interval in Tables 9.8 and 9.B.' Adjustments will 
come about largely through changes in husbandry practices. 
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TABLE 9 8 

Esttmates, for European breeds, of heritabthty of some 
economically important traits m beef production 


Trait 

Approximate range 
of heritability 
(%) 

Calving interval 

Oto 15 

Birth weight 

35 to 40 

Weaning weight 

25 to 30 

Maternal ability of cow 

20 to 40 

Summer pasture gain of yearling cattle 

25 to 30 

18-month weight of pastured cattle 

45 to 55 

Cancer eye susceptibility 

20 to 40 

Mature cow weight 

50 to 70 


Source Adapted from VS arwicV 1969 


TABLE 9 9 

Means and approximate average heritability (/»■*) for several economically important 
traits in beef production of "selected” and “ random ” bred native groups 


Trait 

Selected " 

Random' 

Group avg 

h 2 
(%) 

Group avg 

h 

(%) 

Age at first calving (months) 

46 

7 

52 

14 

Calving interval (days) 

480 

10 

542 

6 

Weaning weight (kg) 

137 

13 to 35 

- 

- 

Birth weight (kg)' - 

25 

47 

21 

29 

Mature w eight (kgV 

413 

40 

327 

42 

Daily gain, birth to sale (kg) 

6 

28 

2 

3 

Dressing percentage 

54 

20 

48 

24 

Age at slaughter (years)* 

39 

- 

49 

- 


■ Herds In existence for 10 or more years with indication of sire selection 
•Recently assembled herds or open range with little or no sire selection 
•Females only 
'Males only 


Growth rate is one of the most important characteristics of beef 
production, provided it can be achieved without deterioration in 
other traits, especially reproductive performance. Its heritability, 
both in European breeds (Table 9.8, weaning weight and 18-month 
weight of pastured cattle) and in “selected” native groups (Table 9.9, 
birth weight and mature weight), is such that it should respond easily 
to selection based primarily on performance testing of sires. 

Carcass characteristics are important in the U.S., but will warrant 
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Factors fur concertina incomplete mi Ik record*. 


Lactation 

interval 

(days) 

Adjustment factors 

Holstein », l/.S." 

llariana, India* 

30 

7.42 

10 40 

60 

3.74 

7.81 

90 

256 

5.32 

120 

1.98 

3.99 

150 

1.64 

294 

180 

1.41 

1.78 

210 

1.26 

1.38 

240 

1.14 

1.27 

270 

1.06 

1.00 

300 

101 



Source Holitelnt-Dol'V'Hmf Impmrment AiKVfdlliM Letter. Vol 41. So 
6. USDA. Vinhington, 1965 llarUna-Nicete. 1970 
* Cowl m er 3 yean old. 

•Cowi of ill *gei 


TABLE 9.7 

Aae-adjustment factors for milk yield of llolstcins and 
llariana cattle. 


Adjustment factors 


(months) 

Holstein, U S 

llariana, India 

24 

131 

_ 

30 

1.24 

- 

36 

1.10 

- 

42 

1.12 

1 17 

48 

1.08 

1.12 

54 

104 

1 13 

60 

102 

1 11 

66 

1.02 

1.08 

72 

100 

1.06 

78 

100 

1.04 

84 

100 

1.03 

90 

l.Ot 

1.00 


Source See Title 9 6 


Most estimates of changes in lactation yields with increasing &% e 
after first calving in tropical breeds have used the ratios between I acta - 
tions without regard to age of calving. The estimates for changes in 
yie om first to fourth or fifth calving have varied from near zero up 
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to 38%. Instead, Ngere considered changes in yield with age ir- 
respective of lactation number. On this basis the estimates needed to 
adjust for age differences are similar to those for Holsteins in the U.S- 
(Table 9.7). 

Although it is standard practice to milk nearly all cows twice $ 
day, some are milked three times daily. Numerous studies on Em 
ropean breeds indicate that on the average a cow milked three time? 
daily will produce 15-20% more milk than if she is milked twice a day 
with younger cows showing a greater increase in production from 
more frequent milking than older cows. Studies with tropical breed? 
provide similar values. Four year old cows (first lactation) produced 
17% more on a three times daily milking schedule, while older cow? 
produced only 15% more (Mahadevan, 1966 and Ngere, 1970). 

Pearson et al . (1968) observed seasonal differences of 11% in 
lactation yield of local cattle in Colombia between cows calving in the 
most favorable month and those calving in the least favorable month. 
The cows that started lactation during the period of heaviest rains— 
October to November— had the lowest yields. Similar seasonal affects 
have been reported for Hariana cattle in India, but the lowest yields 
were for cows calving late in the monsoon season— August to Novem- 
ber (Kohli and Suri, 1960). Although the lowest yielding Hariana cows 
calved during the season of favorable feed supplies, they were sub- 
jected to seasons of poorest feeding for most of their lactation. Still, 
many other studies on tropical breeds point up variations in lactation 
yields due to season of calving ranging from 0 to 50%. In general, the 
magnitude of the variation is directly related to availability of feeding. 
Most studies from the temperate zone show 10-14% variation in yield 
with two distinct seasons. Cows calving from April-October have the 
lowest yields. Since seasonal effects may be large and as a conse- 
quence seriously bias selections, some estimate of the variation 
should be attempted as soon as recorded data are available. 

Days dry prior to parturition do not greatly influence lactation 
yield in tropical cattle and neither does pregnancy. In Holsteins, days 
open accounted for 4-7% of the variance in 305-day records (Smith 
and Legates, 1962) but thus far the variance has been less than 2% 
for tropical breeds. Since the calving intervals generally equal or 
exceed 400 days and lactation length is less than 300 days, an adjust- 
ment in the lactation yield for days open would probably not be 
required. 

It should be kept in mind that the main purposes of keeping 
records in a dairy enterprise are to serve as an aid in culling of females 
and, more important, to provide a basis for progeny testing for selec- 
tion of sires. According to the work of Robertson and Rendel (1950). 
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feed resources. If a seedstock herd is established to distribute a large 
breed, such as Charolais, for grading up local stock, bosses 

tion crosses may perform in an acceptable fashion 
with 75% or more Charolais breeding may produce an amrnal w th 
maintenance needs higher than available feed supplies Poor nut 
tion will then be a serious deterrent to the utility of the ne _ 8 
If seedstock herds are to he of value, breeds employed and emphasis 
in selection must be for traits that are compatible with maximum P 
ductivity in the herds to which they directly or indirectly supp y 

breeding stock. ... . 

In operations outside the seedstock herds progress will depend 
upon how conscientious the operators are about castration ot male 
calves so that only improved sires will be the breeders of the herds- 
In most places scales for weighing will not be available. At aes , 
record keeping will consist of notations of calves bom, losses of calves 
and cows, and the approximate age of sale for slaughter. However, 
where motor transportation is available, governmental agencies may 
provide weighing services once or twice per year. 

In some areas it is possible that for beef production we shall see 
a breeding system not far removed from that in broiler chickens, in 
which heterosis is used to increase the calf crop and the first genera- 
tion crossbred females are then mated to a certain sire line to produce 
animals for sale. In other areas, new strains will emerge from cross- 
bred foundations. For both systems, seedstock herds will be quite 
helpful. These systems of mating are discussed further in Chapter 10. 


Sheep 

Traits to Consider 

The type of sheep production likely to be most suitable depends 
upon the social and economic development of the area. Sheep are 
most often kept in tropical areas of 50 cm annual precipitation or less. 
The type of sheep maintained depends upon the value the human 
population assigns them. 

There are very few estimates of repeatability or heritability f° r 
breeds of sheep indigenous to the tropics, except for the Merino in the 
tropical area of Australia. Data from the temperate zones must, there- 
fore, represent the principal source for guidelines on expected prog' 
ress from selection in the tropics. From the estimates of repeatability 
an heritability in Table 9.10, it is evident that genetic changes are 
reasonably easy to obtain for wool characteristics and number of 
lambs bom. 
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less attention in most tropical areas for a long while unless carcass 
characteristics are closely associated with growth rate. It is conceiv- 
able that selection for growth rate alone may produce a rather leggy 
animal, although not necessarily an animal whose yield of useful meat 
is less than for one with traditional conformation. 

In Table 9.8 are estimates of heritability for some economically 
important traits in beef production for European breeds. Those for 
“selected” native groups (Table 9.9) are in general agreement, s 
might be expected, the estimates for the “random” native groups are 
generally low due possibly to poorer environmental conditions and to 
little or no attention given to sire selection. The heritabilities indi- 
cate that most characteristics could be changed through selective 


breeding. 

There is likely some negative relationship between growth rate 
and ability to fatten at an early age. For example, the Holstein breed 
ranks among the highest in growth rate but it will not fatten as readily 
as many breeds until it has reached 500 kg or more. Since carcasses 
with little fat are typically preferred in the tropics, the negative rela- 
tion should not be too serious. There is a rather high positive genetic 
relationship between rate of gain and efficiency of gain, when effi- 
ciency of gain is expressed as gain per unit of feed consumed and final 
body weight is 500 kg or less. It appears that the genetic relationship 
between rate and efficiency of gain is high enough in most groups to 
make selecting for rate of gain a reasonable means of selecting for 
efficiency of gain. There is some tenuity for the relation of rate of gain 
and efficiency of gain since the preponderance of the evidence comes 
from drylot feeding. Even though the information available on cattle 
grazed throughout their lifetime is restricted; it seems that the rapid 
gainers on grass are also the more efficient. This seems to hold when 
performance is judged on age to attain a given final weight. 

A measure of weight at some given age, such as 12, 18, or 24 
months, is more highly heritable and meaningful than gain in any part 
of the period (Warwick, 1969). Touchberry (1967) found that mass 
selection for weight at one year of age in N’Dama cattle of Sierra 
Leone would result in an approximate 6 kg increase per generation, 
with the expected genetic gain for weight at other ages not appre- 
ciably different 


The possibility that selecting for gain under drylot feeding might 
no pro vi e cattle best adapted to pasture conditions makes it inad- 
visa ^ e to test under drylot feeding if the objective is performance on 
P?"®- “ eifers th at are to serve as herd replacements should always 
v CS q- ° n . f. ty ? e fee <W regime they will experience in later 
years, bince individual feeding cannot be practiced under such condi- 
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tions, mass selection will of necessity be the primary means of 
genetic improvement. 

In several respects selection for beef production is simple be- 
cause many factors of economic importance, such as growth rate, can 
be observed in both males and females, and traits under selection can 
be observed at a relatively young age. Also for certain characteristics, 
such as carcass quality, the external appearance of the live animal is 
a better indication of the animal’s value than it is in dairy production. 
A disadvantage in beef production, which may limit progress is the 
fact there is no one best measure of the end product comparable to the 
lactation milk record in dairy production. 


Implementing Improvement Programs 


Several important problems arise in developing programs towards 
selective improvement for beef production in tropical areas. Provid- 
ing the necessary records to judge performance will require vast 
changes of existing systems of management on farms. Even if records 
are kept, there is the question of their suitability for making useful 
decisions because of the strong influences of the environmental con- 
ditions. 

In the past it has been fairly common practice in a number of 
countries in the N-S 30° latitudes for governmental agencies to sup- 
port seedstock herds for the purpose of providing sires for general dis- 
tribution. The desirability of this practice depends upon whether the 
quality of the sires produced is better than the average for the general 
population and whether they are suitable for a farm environment. Cer- 
tainly, the value of such a system could be challenged in some areas. 
Distribution of sires from governmental herds has probably best 
served to provide sires for changing the local breed, as for example in 
Venezuela, where the Ministry of Agriculture has maintained herds of 
Zebu, to produce bulls for grading up the local Criollo types to Zebu. 

Some of the purported seedstock herds are not capable of con- 
tributing the needed characteristics since emphasis is frequently 
given to color pattern or certain traits associated with body conforma- 
tion that have little or no relation to economic value. There is also the 


question of what environment should be provided for seedstock 
nerds. If the level of feeding in the seedstock herd is much higher 
than that available elsewhere, the recognition of the characters essen- 
^ f° r fitness in the outside environment may be overlooked. Also 
the inherent size of the breed group in the seedstock herd must be 
°ne whose maintenance requirements do not equal or exceed the 
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This point is examined further in Chapters 10 * » 

latter. 


Implementing Improvement Programs 

Due to the traditional husbandry systems often practiced ill d«ip>j 
cal and subtropical areas tbe wisest policy for imprtwernen 
be to carry out selective breeding in seedstock flocks. As 
mended for beef production, these flocks could in turn serve a 
reservoir of stocks for upgrading die local populations. But t he > en- 
vironment for the seedstocks must be carefully considered it 1C 
suits are to be applied in practice. Flock owners may refuse to accep 
rams produced at a government experiment station unless they rave 
reasonable confidence the rams offered to them will contribute to t eir 


flocks (see Chapter 15). r 

In the seedstock flocks emphasis should be given to proii - 
cacy of ewes— that is, regular lambing and, possibly, frequency of twin 
ning. Most tropical breeds appear to have reasonably good lambing 
rates already. Emphasis on twinning should depend upon the level o 
environment; twin lambs may be a disadvantage where feed sup- 
plies are poor, but in general twin production is most profitable. 

Birth weight is frequently of no real value in estimating later 
performance. It has been found in Egypt that the growth rate^ o, 
Rahmani sheep up to one year of age was much higher than for Austin* 
sheep even though there was no difference between breeds for birth 
weight or weaning weight at 17 weeks of age (Ghoneim et al., 1959). 
Nevertheless, birth weight is generally related to viability and rate of 
growth. Tropical breeds are sometimes low in viability due to size of 
lamb at birth. Normally the birth weight of single lambs in tropical 
breeds is 1 kg less than for temperate breeds. 

Seasonal breeding is a serious limitation in numerous temperate 
zone breeds but less important in tropical breeds. Nonetheless, em- 
phasis should be given to selection for ewes that breed over the long- 
est period. 

Since weaning weight of the lamb is an expression of maternal 
ability as well as the growth potential of the lamb, recordings should 
be made. Coupled with this should be some recordings of actual milk 
production by the ewes during lactation. It has been suggested that 
milk yields at 40 and 80 days will be satisfactory indices to charac- 
terize the ewe’s milk yield (Haring, 1965). 
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TADLE 911 

Changes in selection differential among ram lambs for growth rate and staple 
length tuition a large flock of sheep tn Colorado from I960 to 1966 


\ear and category 

Lambs 
born 
(no ) 

Weantng 

weight 

(kg) 

Staple 

length 

(cm) 

1960 

Total ram Iambs 

577 

33 9 

417 

Ram Iambs saved 

274 

38 8 

4 42 

Ram Iambs culled 

303 

29 5 

3 96 

1966 

Total xam lambs 

563 

39 4 

5 08 

Ram lambs saved 

240 

42 9 

5 28 

Ram lambs culled 

323 

37 3 

4 95 


The emphasis on Reece weight and quality will depend upon the 
use of the wool Where wool is for the production of locally used 
products, it may be undesirable to give much emphasis to selection 
for medium or fine wool If, on the other hand, there is a potential for 
commercial use of wool, attention ought to be given to both total yield 
and wool quality The hentability estimates in Table 9 10 indicate 
that wool characteristics will respond to selection Since wool pro- 
duction can be measured as the performance of both the male and 
female, selection within a large flock is relatively easy Measurable 
criteria are weight of fleece, clean scoured weight, length of staple, 
and fineness of wool 

That growth rate and wool staple length can be improved simul- 
taneously by selection is demonstrated by the data in Table 9 11 This 
study involved a large flock under range conditions in Colorado 

In selecting for meat production only the economically important 
traits should be considered These will include a criterion for growth 
— eg, daily gam— and some measure of carcass value— e g , ratio of 
lean to fat 

In seedstock flocks, weighing ewes periodically— annually or 
semiannually— is useful in determining the response to the feeding 
and management regime, identifying possible causes of poor breed 
ing efficiency, and selecting for size of ewes in relation to weight of 
lamb produced at weaning or some identified age, such as when the 
lamb is 4 months old 

If selection is applied for milk, meat, and wool simultaneously, 
genetic progress will be retarded m each trait, but apparently the ge- 
netic correlations are not antagonistic In Germany, Merinos have 
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been successfully selected for 

production of fat lambs (estimated milk yields of ewe) wit 
of 30 kg within 100 days of age (Hanng, 1065). Emphasis 
tion index was weighted according to economic significance 

The improvement of sheep through selection can be achiev ed by 
eliminating low performance ewes, but far more unpo 
genetic progress that can be accomplished by W' ™ as 
tion About 80-90% of the gains made in improving a trait s 
fleece weight originate from selection between mms and only l^ 
20% derived from selection between ewes (Temll, 19o8). S 

testing is a means for selecting rams, but unfortunately results Be- 
come available too late in the active life of the rams. With proper 
selection, the best offspring should be better than the best ram u 
in the previous year. Reasonable genetic progress can be matle °y 
turning over generations as rapidly as possible— in both seedstoc :inf 
local flocks. Even so, it would be desirable to carry forward progeny 
testing in the seedstock groups as means of increasing the precision o 
selection. , 

In the temperate zones it is evident the economic trends are sue 
that in the future two main types of sheep will be required. One 
“type” will be needed for land areas of extreme climate and topog- 
raphy to be kept at low density with production being limited by nu- 
trition and management costs. The second type will be used under 
intensive husbandry conditions. The latter must have high reproduc- 
tive and growth potentials. Conceivably both types will also be re- 
quired for tropical areas. For the extensive sheep production in areas 
of the tropics more emphasis should be given to milk production ana 
pelt characteristics than in extensive range areas of the temperate 
areas due to the needs of the people. Too, there is a place for intensive 
sheep production in the tropics as small farm flocks producing lambs 
to be sold for fattening outside the farm. In these flocks the selection 
emphasis should be essentially the same as in the temperate zone. 


Swine 

Traits to Consider 

Today, throughout the N-S 30° latitudes the native breeds of 
swine are being graded up or replaced by imports, principally from 
Europe and the U.S. This is due to the fact that imports will perform 
well if properly fed and managed. 

In Puerto Rico, for example, the Duroc breed gained 12% fe ster 
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TABLE 9 12 

Some reiircscnlritiue hentability estimates for characteristics of swine 


Characteristic 

Approximate range 
of hentability 
(%) 

Number of pigs farrowed 

5 to 15 

Number of pigs weaned 

5 to 15 

Pig weight at weaning 

10 to 20 

Litter weight at weaning 

10 to 20 

6-month pig weight 

20 to 30 

Daily post weaning gain 

25 to 40 

Feed peT unit gain 

30 to 50 

Bachfat thickness 

40 to 60 

Carcass length 

40 to 60 

Loin eye area 

40 to 60 

Percent of carcass m ham 

40 to 60 

Number of nipples 

20 to 40 


and required 8% less feed per 50 kg of gain than a native strain The 
native sows averaged 10 1 pigs per litter as compared to 8 7 for Duroc, 
but the Duroe weaned 62% of the pigs bom in contrast to 50% for 
native contemporaries (Carlo and Arcelay, 1962) Similar experience 
elsewhere, along with the recognition of the value of heterosis from 
crossbreeding, are the reasons for the replacement of native breeds 
Since the use of introduced breeds has been accepted, few govern- 
ments in tropical areas have been interested in setting up seedstock 
breeding establishments This trend will probably continue unless 
problems of disease warrant closing importations 

In many countries of tile tropics the market demand is divided 
between pigs of 30-40 kg and 80-100 kg The former are used largely 
for festive occasions on which the pig is prepared whole, the latter 
supply the routine market In some areas the demands for the two 
sizes are about equal With a variable market it is difficult to establish 
breeding programs to maximize efficiency for both, nevertheless, the 
factors of primary importance in determining the efficiency are sim- 
ilar Litter size, viability, weight per pig and per litter at weaning 
time, rate of gain between weaning and marketing, efficiency of feed 
com ersion, and carcass acceptance are the important economic 
factors in swine breeding 

Estimates of hentability show considerable variation, yet most 
estimates (Table 9 12) indicate that several traits will respond to 
selection in a reasonable penod of lime The hentabihties of litter 
size at birth and weaning weight of the litter are low The low hent- 
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shaft*? for pig weight at weaning suggests that weight at that age is 
largely a function of nursing ability of the sow rather than the pig s 
own genetic makeup. After weaning, the pig s own genes appear to 
exert their influence, as evidenced by the higher heritabilities for 
6-nwnth weight and post weaning gain. 

Rate of gain and efficiency of feed conversion are related, but the 
strength of this relationship varies to some extent with breed and 
feeding conditions. Nevertheless, selection of breed or selection 
within breed according to daily gain from weaning to market weight 
is desirable because the fast growing pig is on hand fewer days 
which in turn requires less labor, permits faster turnover, and reduces 
the risks due to disease. 

The response to selection for backfat thickness is rapid. After 10 
generations of selection in Durocs for high and low thickness of 
backfat, the two lines differed by 2.6 cm or 68% of die initial mean. 
The corresponding differences between the two selected Yorkshire 
lines after 8 generations was 1.4 cm or 44% (Hetzcr and Harvey, 
1967). 

Although fashions in type of pig have undergone more changes 
over the past 50 years than any other domestic species, there is now 
universal emphasis on rapid growth, lean carcass, and a type of 
carcass that will yield the greatest percentage of high priced portions. 
Perhaps this agreement on traits has led to the acceptance of a freer 
exchange of breeding stock than exists for other species. The apparent 
universal agreement on deemphasis oflarge amounts of fat in the hog 
carcass will continue to be the dominant factor in the selection of 
swine. 
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Application of 
Mating Systems 


There is obviously a need for genetic improvement of livestock in 
the N*S 30° latitudes. But what systems of mating will produce the 
types of livestock desired? Some animal breeders recommend adop- 
tion of the system of mating that will most rapidly bring about replace- 
ment of the indigenous stocks. Others see selective breeding within 
the indigenous groups as the key to improvement The most logical 
approach to the problem, however, would seem to be to evaluate 
indigenous stocks and their environments before initiating any 
breeding program. An Expert Panel on Animal Breeding and Clima- 
tology (FAO, 1965) has recommended this procedure: (1) An objec- 
tive evaluation should first be made of the presently available animals 
and the environments to which they are exposed. (2) In order to 
characterize the merits of the indigenous animals experimental work 
should be conducted to determine their ability to respond to improved 
environments. When sufficient merit appears to exist within these 
stocks, programs for improvement through selection should be im- 
plemented. (3) When the evaluation of indigenous stocks indicates 
e need for grading up or establishing new “gene pools,*’ animals 
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should then be chosen for introductions that will be likely to con- 
tribute the desired end result 

Albeit the panel’s approach is desirable, it involves practical 
problems of time, costs, and the need for trained personnel to super- 
vise the breeding programs. Due to these limitations breeding in 
many locations will continue largely on an empirical basis. A much 
more profitable alternative would be for breeders to use the already 
established principles of animal breeding to determine the likeli- 
hood of success of one or more systems in their environments. With 
careful planning, satisfactory decisions can be made on this basis. 
The ensuing discussion deals with the possible merits of several 
systems of breeding. 


INBREEDING AND LINEBREEDING 

There has been little systematic investigation of the possibility of 
inbreeding and linebreeding for improvement among indigenous 
stocks in the tropics. Most of the evidence on the value of these sys- 
tems comes from the temperate zone. 


Dairy and Beef Production 

Indications are that inbreeding increases the proportion of homo- 
zygous loci. This is evident from the increased incidence of recessive 
lethals in inbred groups. There is a general decline in level of per- 
formance and vigor associated with progressive increases in the 
degree of inbreeding. The more closely the characteristic is related 
to fitness, the more it appears subject to inbreeding depression, as 
demonstrated by the higher mortality in inbreds than in non-inbreds, 
particularly at early ages. The decreased differences between inbreds 
and non-inbred animals with advancing age suggests that inbreeding 
also delays the development of physiological processes (see Young 
et ah, 1969). 

Results of inbreeding in beef breeds show that increased rela- 
tionship within a group is associated with decreased growth and 
quality of the animals; but the detrimental effects of inbreeding tend 
to lessen as the inbred animals approach maturity. The magnitude and 
duration of inbreeding effects vary widely with breed, line, location, 
sex, and level of environment. Inbreeding of the dam impairs the 
prevveaning weight of calves. Often the effect is greater than the in- 
breeding of the calves (Cundiff and Gregory, 1968; Warwick, 1968). 
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The amount of depression from mbreed.ng has vanc l amonR CX 
periments, but in those concentrating on development of inbred line 
die average decline has been 0.6 kg in weaning weight per percen 
inbreeding of the offspring. There has been 0 5-1.0 kg decline n 
weaning weight of calf per percent inbreeding of the cow and aPP™' 
mately .002 kg in daily post weaning gain per per cenl ; ‘" bre ^‘" K , 
the calf. Fertility and calf viability are reduced 10-12% when 
inbreeding of the cows averages 20% and that of the calves, 3 c. 

Limited evidence on the development of inbred lines for me 
crossing indicates that this system offers no great promise in general 
practice for improvement of either beef or milk production. Altnoug 
crossing of specific inbred lines may produce some superior indi- 
viduals, the costs of development and maintenance of inbred lines ot 
large animals usually make this system of breeding too costly to 
recommend (Young et al., 1969; Cundiff and Gregory, 1968). In gen 
eral, investigations of inbreeding versus line-crossing in beef breeds 
show reduced productivity with inbreeding and restoration of the 
losses when crosses are made between lines. The estimated heterosis 
for crosses among lines ranges from 3 to 5%, but in no instance have 
the line crosses significantly exceeded the high line (Brinks et al., 
1967). 

Although the development of inbred lines for crossing does not 
seem warranted from existing evidence, it may be that indigenous 
groups that have been subjected to mild inbreeding due to isolation 
can profitably be maintained for crossbreeding. For example, pre- 
liminary evidence from Colombia indicates a high degree of heterosis 
when Romosinua (a Criollo breed. Bos taxirus type) are crossed with 
local Zebu cattle. Results from Venezuela show that the small Criollo 
cow native to the Llanos area makes an exceedingly good mother and 
has little or no calving problems irrespective of the breed of sire she 
is mated to. 


Crosses among six inbred lines of Holsteins (Young et al., 1969) 
revealed that line crosses were 15% superior to the inbreds for milk, 
solids-not-fat, and milk fat production, as well as for percent solids- 
not-fat and percent of milk fat. But the line crosses averaged slightly 
lower in these traits than non-inbreds. However, significant differ 
ences have been observed among general combining abilities of 
lines, that is to say, some demonstrated more response from crossing 
than others. 


Linebreeding is employed by a large proportion of the breeders 
ot purebred cattle to maintain or increase the relationship to a par- 
ticular individual. The major intent is to develop family lines to 
accen ate traits of the breeder’s own choosing or those he feels 
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might sell best. This is typically referred to as associate mating, since 
the individuals mated are more alike in certain traits than the average 
of the herd or group. Few experimental investigations have been of 
sufficient magnitude to warrant definite conclusions on the merits of 
this system over outcrossing (mating among unrelated individuals). 
Present findings show that linebreeding is about equal to outcrossing 
in most breeds of cattle, with individual sire effects being more im- 
portant than the effect of the breeding system. 


Sheep Production 

Inbreeding in sheep tends to depress traits associated with growth 
more than those associated with fleece. All phases of reproduction 
and viability seem adversely affected by inbreeding (Terrill, 1958). 
The birth weight of lambs out of inbred ewes is lower than that of 
lambs out of non-inbred ewes. Brown et al. (1961) also found a de- 
cline in all weights of lambs to 120 days of age, and concluded that 
inbreeding of both dam and lamb had an effect. Inbreeding of Merinos 
in Australia caused a reduction in body size, an increase in the vari- 
ance of body weight, and a delay in age of peak reproductive per- 
formance, with inbred ewes taking one to two years longer to reach 
peak performance in reproduction or fleece production than non- 
inbred ewes. Inbred ewes also had more failures at parturition and 
greater losses of lambs both from birth to weaning age and less via- 
bility from weaning age to maturity (Bowman, 1966). 

Only a few studies have been made on crossing inbred lines, but 
to date there is little evidence that line crossing will accomplish 
much more on the average than to repair some of the deleterious 
effects of inbreeding. Selected non-inbred groups are equally good or 
superior to those in the line crosses (Bowman, 1966). 


Swine Production 

Certain reproductive problems result from inbreeding of swine. 
Sexual maturity is delayed in both boars and gilts. Boars are less 
fertile, and gilts take longer to settle. Highly inbred boars also lack 
libido. The number of pigs bom and raised tends to decline appre- 
ciably with inbreeding. And the frequency of the incidence of genetic 
defects increases (Craft, 1958). The number of pigs per little (litter 
size) is more difficult to maintain with inbreds than is growth rate. 
Incidence of stillborn pigs increases slightly with inbreeding of the 
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dam But carcass characteristics and economy of gain seem little af- 

^"Ladvantages of inbreeding as a gencm. policy, 
inbred lines have made a tremendous impact over the P. V 
on swine industries throughout the world. During the early 1920s c 
periments were started in the U.S. to develop inbred lines of swine. 
Some of these used purebred groups while others were based on 
crossbred foundations. Most of the experiments were coordinated > 
the Regional Swine Breeding laboratory at Ames, Iowa (Craft, 1J5 h 
Several methods of inbreeding were used. Some lines were inbred 
slowly while others were inbred more rapidly. Many lines we 
dropped after a year or two because of low fertility or otherwise poor 
performance. . . 

A number oflines formed by crossing are now recognized as ne\ 
breeds. These include: 


Breed 


Approximate composition 


Beltsville No. 1 
Beltsville No. 2 

Lacombe 
Maryland No. 1 
Montana No 1 
Minnesota No. 1 
Minnesota No 2 

Minnesota No. 3 


Palouse 
San Pierre 


Landrace 749c, Poland China 269fc 
Danish Yorkshire 58%, Dviroc 30% 
Hampshire 6%, Landrace 6% 
Landrace, Chester White, Berkshire 
Landrace 63%, Berkshire 37% 
Landrace 58%, Hampshire 42% 
Tamworth 52%, Landrace 48% 
Inbred Poland China 60%, Canadian 
Yorkshire 40% 

Welch, Large White, Glouchester, 
Old Spot, Beltsville, No 2, 
Minnesota No 1, Minnesota No. 2, 
Poland China, San PierTe 
Landrace 53%, Chester White 47% 
Berkshire, Chester White 


The steps followed in development of the breeds were these: 
(1) Breeds were chosen that possessed the characteristics desired but 
were widely divergent genetically. (2) Foundation animals of high in- 
dividual excellence and with a background of performance were 
chosen. (3) Breeding was conducted within closed herds. (4) Rig<> r ' 
ous selection was practiced from the outset for factors affecting 
economy of production. 

Performance the new breeds has been good in many respects. 
ach has shown merit in crossing to produce market hogs. There are 
important genetic differences among the breeds in carcass charac- 
tenstics. These breeds, as well as the lines developed from pure- 
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breds, have been crossed to produce the type of carcass desired with- 
out sacrificing growth rate or economy of gain. Carcasses from line 
crosses are generally intermediate between the parent lines for the in- 
dividual traits. 

In recent years, production and sale of “hybrid” boars have be- 
come important in the U.S. Several companies now specialize in 
producing boars bred to cross well with available female stock. In 
the largest operation, five major lines are kept to provide adequate 
crosses. Hybrid boars are produced by rotating sires from three or 
more related lines. These boars are sold for crossing on females in the 
herds of commercial producers. 

Although inbred lines and linecrosses have shown advantages in 
swine improvement, it must be kept in mind that it is very costly to 
produce and maintain the lines. Since the production of inbred lines 
requires very close attention and extensive record keeping, it is likely 
that the swine industry in the tropics will continue to be guided by 
breeding establishments in the temperate zone. 


Poultry Production 

The experiences with poultry in the U.S. have been similar to those 
for swine. Again, a few large breeding organizations produce and 
maintain lines from which they develop males and females for sale to 
commercial breeders. 

Although a great deal of research effort has gone into exploration 
of the development of inbred lines, this era seems to be passing. 
There are several reasons. The techniques used by hybrid com 
breeders, that is developing and discarding hundreds of inbred lines, 
are not readily adaptable to livestock, especially cattle, sheep, and 
swine. The time and costs to produce and test lines adequately both 
as lines and in crossline combinations is excessive, and relatively few 
lines can be sampled and tested. Sales income, except from a few 
lines, has been low. Intensive selection with mild inbreeding has not 
produced a remarkably superior animal; and results from crossline 
matings have also not been exceptionally promising. Furthermore, 
the degeneration due to inbreeding has brought about practical 
problems in maintenance of highly inbred stocks for commercial 
usage. 

In summary, inbreeding and linebreeding should be practiced 
only in herds of outstanding genetic merit. This makes these systems 
highly restrictive for general employment in herds of native breeds. 
On the other hand, inbreeding may be highly desirable when the 
breeder wants to concentrate the influence of one or several highly 
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selected individuals. This was done successfully in the development 
of the Santa Gertrudis breed when the bull Monkey and 1 
were used quite extensively (Rhoad, 1949). 


OUTCROSSING 

There have been few experiments designed for direct comparisons 
of outcrossing with other systems of breeding. However, °“ tcro ” 
have served as controls in numerous experiments involving develop 
ment of inbred lines. As pointed out in the discussion on inbreeding, 
animals produced by outcrossing have on the average been superior 

to inbreds. , . 

In a study designed to compare three levels of parental relat 
ship on performance, conducted by the U.S. Department of Agn 
culture at Beltsville, Maryland, preliminary results have shown that 
Holsteins produced by outcrossing are superior to linebreds and to 
crosses of Holstein with Ayrshire or Brown Swiss in both feed e - 
ficiency during lactation and milk yield. Tests with beef breeds in the 
U.S. have indicated that on the average outcrosses are superior to 
linebreds or inbreds. 

Even though outcrossing may give less spectacular results than 
crossbreeding and be less effective than other breeding systems in 
some herds, it has been responsible for bringing about many of the 
changes in groups of livestock. The trend has been to encourage out- 
crossing for the average commercial producer. With the advent ot 
artificial insemination, this has become less expensive than purchas- 
ing sires or rearing them. Outcrossing can be effective too in dissortive 
matings which is what a breeder does when he attempts to make 
"corrective matings”— that is, to mate females mediocre or poor in 
one trait to a sire considered superior to outstanding in that trait. 

Seemingly, outcrossing is the appropriate approach for a program 
of genetic improvement among indigenous stocks since inbreeding in 
many of the herds or flocks may already have reached the point of 
endangering fitness characteristics. Certainly in seedstock herds, 
outcrossing should be employed with selection as long as progress 
is possible. 


CROSSBREEDING 

Inter-matings among recognized breeds or lines developed within 
meeds have become widely used for commercial production of 
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poultry, swine, beef cattle, and sheep in several countries of the tem- 
perate zone. The main emphasis has been on obtaining heterosis, or 
hybrid vigor, which enhances economic returns. Crossbreeding is 
also in wide use in tropical regions, principally as a means of chang- 
ing breed characteristics. In either situation it can be a very effective 
system with proper planning and control. Many people overlook this 
aspect. Crossbreeding as a system of mating is not a wonder worker, 
however. It will not automatically cure all ills. Like other systems, full 
benefit can be gained only by careful selection of parents. 

Some livestock producers have expressed disappointment with 
crossbreeding because the heterosis shown at early ages in crossbred 
animals was not maintained throughout life. The age at which the 
estimate of heterosis is made is important in determining the level. 
The level of heterosis is normally the highest in the early stages of life 
and may decrease to the point there is little evidence at maturity or 
the late stages of life. One of the reasons for the wide use of cross- 
breeding in swine and poultry is that these animals are usually mar- 
keted at an age when the maximum benefits of heterosis are evident. 
Thus, if crossing is employed in tropical areas, the usual age for sale 
should be reduced; otherwise, the major benefits will go unrecog- 
nized. 

For crossbreeding to be effective, sires of two or more breeds are 
needed. This can sometimes be a problem for the individual operator. 
For example, in a beef production enterprise, after the first round of 
crossing the percentage of different lines or breeds represented in the 
females of the herd will vary. More than one breed of sire is required 
in service at a time if combinations are to be made for maximum 
benefit of heterosis from crossing. This will require separation of 
breeding groups. These problems are not insurmountable, but they 
are of practical significance. 

There have been numerous attempts to derive estimates of het- 
erosis (expressed as the deviation of the average for crossbreds from 
the mean of the parent breeds) for breeds of several species in the 
temperate zone, but there have been very few studies of crossing 
among indigenous breeds. It is not likely that groups of temperate 
zone breeds will be imported to the tropics for crossing; but there is no 
reason to suspect that the level of heterosis obtained from crosses be- 
tween native breeds will not fall within the same range as for others. 

In Venezuela crosses between Criollo and Zebu cattle showed 10- 
12% heterosis for average daily gain and up to 18% for 205-day 
weights (Plasse et al . , 1969). First generation crosses between 
Sahiwals from India and East African Zebu cattle in Kenya had an 
average milk yield 55% above that of the East African Zebus. Al- 
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though purebred Sahivvals were not available for comparison, result- 
ing heterosis is suggested. Heterosis also accounts for the w, despread 
use of crossing for beef production in the subtropical portions ot Aus- 

tralia and the U.S. . ,. 

Since crossbreeding seems to be a promising system of breeding 
for all climates, some of the expected gains among European breeds 
of cattle, sheep, swine, and poultry are given here as guidelines. 
These sections are followed with discussion of the possible merits ot 
various degrees of crossing European breeds with local stocks. 


Crossing among European Breeds for Beef 
Production 

Up to the present, the Angus, Hereford, and Shorthorn breeds have 
been most widely used in balanced crossbreeding experiments. Re- 
sults have been published from 15 studies in which two or more of 
these breeds and their reciprocal crosses have been compared. Two 
of the studies were conducted in Argentina, and the remainder in 
various areas of the U.S. Although there are differences between the 
breeds, these are relatively small; and the breeds can be considered 
generally similar in productivity, conformation, and carcass char- 
acteristics. The weighted average advantages of the crossbreds re- 
ported from the studies were as follows: 1.4% in calving rate, 3.0% in 
calf survival, 4.2% in proportion of calf crop weaned, 5.0% in weaning 
weight, about 2.5% in post weaning gain, and 0.6% in feed efficiency. 
Crossbreeding did not increase twinning or appreciably influence 
carcass grade, composition, or palatability. First estrus tended to oc- 
cur earlier in crossbred heifers. 

In comparisons of crossbred and purebred cows, the crossbred 
cows had an advantage of 4.3% in calf crop raised and 5.6% in calf 
weaning weight. Often crossbreds have not exceeded the best pure- 
breds for individual characteristics, but in terms of “net worth,” 
which includes the characteristics enumerated, the crossbreds have 
generally exceeded the purebreds. 

Currently the Charolais breed is quite popular for crossing. Tire 
experimental evidence is still too limited to draw firm conclusions, 
but it appears that when Charolais sires are used on Hereford or 
Angus cows the crossbred calves are heavier at weaning and slaughter 
and produce carcasses with more lean than non-Charolais crosses. 
The Charolais crosses have carcass grades lower and less marbling 
than Angus, Hereford, and Shorthorn crosses (Warwick, 1968). 

The amount of heterosis for birth weight and weaning weight is 
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influenced by the way the cross is made— e.g. whether the sire or 
dam is the larger breed. Maternal effects are important in these traits. 
Purebred cows are generally more fertile when mated to a bull of 
another breed and crossbred calves are more viable than purebreds. 
Heterosis tends to be higher in heifers than in steers, to be greater 
on a lower plane of nutrition, and to decline after one year of age. 
Crossbred cows usually have a higher conception rate to first service. 
On the other hand, crossbred bulls show no advantage in conception 
rate when used on the same type of cows (Mason, 1966). 

In brief, the current consensus on the value of crossing among 
European breeds for beef production is that crossing can increase the 
net weight of calf weaned per cow bred up to about 15% with the 
advantages accruing as follows: 3 to 5% increase in calf livability, 
3 to 9% increase in female breeding efficiency, and 5 to 10% higher 
milk production. Since these levels of advantages for crossing are of 
economic significance in beef production, crossbreeding in com- 
mercial beef production is on the increase. 


Crossing of European Breeds 
for Dairy Production 

Recent experiments in Britain and the U.S. involving both dairy and 
dual purpose breeds — Jersey, Guernsey, Holstein, Brown Swiss, 
Ayrshire, Red Dane, Red Poll, and Milking Shorthorn — have shown 
some heterosis for most traits. The estimates of heterosis (expressed 
as deviation of crosses from parental mean, with the plus signs indi- 
cating a possible economic advantage) from these experiments may 
be summarized as follows: viability of calves, +2 to +9% depending 
upon the breeds involved, with no evidence of significant advantage 
over the best parent; breeding efficiency of females, 0 to +15%, de- 
pending upon the measure used; number of calves bom dead, +2%; 
number of cows culled for sterility, 0 to +10%; gestation length, 
near 0; growth rate as measured by body weight, 0 to +10%, depend- 
ing upon the age at which the determination is made and the breed of 
the dam; and skeletal size (estimated by body weight and length), 
up to +3%. 

The heterosis for milk yield in two-breed crosses ranges from —1 
to +13%, with crosses having Holstein or Friesian breeding giving 
the higher values. Heterosis for milk fat ranged from +3 to +11%; 
fat percentage, —4 to +1%; persistency of milk yield, 0 to +3%, and 
efficiency of feed conversion during first lactation, 0 to +5%. The 
estimated heterosis for three-breed crosses from the weighted parental 
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mean mn g e S from 0 ,o + 16* 

0 to +26% for fat percentage; 0 to + 1 * efficient 

-6 to +5% in persistency of mi l; yield; and + 1 t 

of feed conversion (Pearson and McDowell, 1967). . 

There has been no clear evidence of heterosis tn SUS “ P J 
animal health problems although some pure brccd ”. 
ceptible than others. Crossing appears to ovcrcometlusdcfic.cn> 
crossbred calves require fewer treatments for the vrnlam** 
maladies. Crossbreds show no advantage in this respect upon rcacn 
ing lactating age (McDowell and McDaniel, 1968’). , her 

It is not clear yet whether crossbreds survive longer o 
heterosis for milk production is maintained in older cows. lf cr °“ 
breds are about 10% more likely to conceive than P^breds, ™ 
could be of significant economic importance in length of herd Hie an 
the portion of total life in lactation. Most of the experimental evidence 
indicates that the main advantages of the crosses are realized prior 
to and during first lactation. However, in a University of Illinois ex 
periment Holstein-Guemsey crosses exceeded the parental mean by 
10% in milk yield and 12% in fat yield in second lactation in contras 
to advantages of 1-3% in first lactation. 

Holsteins in the U.S. and Canada and Friesians in Europe are 
rapidly becoming far dominant in the dairy populations, therefore 
crossbreds must be more profitable than Holsteins else there would 
be little acceptance by commercial dairymen. In general, this has not 
been the case. So far the acceptance of crossbreeding in the temperate 
zones has been mainly in grading to Holstein or Friesian. Crosses ot 
Holstein and Brown Swiss have most nearly approached Holsteins in 
total economic merit. 


Crossbreeding for Sheep Production 

Sheep breeders have long recognized that crossbreeding generally 
leads to increases in fertility and growth rate of the lambs. Increased 
milk yields, body weights, and wool production have also resulted 
from crossbreeding. In addition, more valuable market lambs may be 
produced by crossing mutton breed sires on wool type ewes, thereby 
increasing both body weight and wool production. Many experiments 
die benefits which can be gained in growth, general 
ri iness, fleece weight, and wool quality from crossbreeding (Bow- 
man, 1966). 

Fertility, prolificacy, lamb viability' and overall reproductive abil* 



APPLICATION OF MATING SYSTEMS 363 


TADLE 10 1 

Average percent deviation of crossbreds of the Hampshire, Shropshire, 
Southdown, and Merino breeds from the mean of the parent breeds 
based on index values and cue characteristics 


Trait 

Average of 
pure breeds 

Percent deviation from purebred mean 

2 breed 

3 breed 

4 breed 

Ail crosses 

Index T 

58 5 

15 6 

33 2 

37 1 

29 4 

Index 2' 

546 

14 1 

25 1 

23 4 

22 0 

Index 3 

59 2 

15 4 

32 8 

36 8 

28 9 

Body weight, ewe 

48 5 (k K ) 

28 

65 

121 

65 

Fleece weight, ewe 

2 6 <!>:) 

86 

69 

34 

69 

Lamb wt/ewe bred 

20 0 (Ik) 

18 1 

40 9 

47 7 

36 4 


Source Adopted from Sidwell 196-1 

•Index I *» Weaning weight of Jamb adjusted forage + sex + grease fleece »vt X 2.5 
‘Index 2 = (Index l/fall body weight of ewe) X 100 
Index 3 = Index 1 without adjustment of lamb weight for age and sex of lamb 


ity are generally higher from crossbreds than purebreds In the ex- 
periments of Sidwell et al (1964), the average increases in percent of 
lambs weaned from ewes bred were 2, 15 and 27% for two-, three-, 
and four-breed crosses, respectively, over the averages of the pure- 
bred parents The two-breed cross offspring tended to rank in the 
same order as the breed of dam for birth weight, weaning weight, and 
gain from birth to weaning The advantages for crossbreds were even 
more marked when expressed in three indexes (Table 10 1) The 
gains in lamb weight per ewe bred suggest a higher level of hetero- 
sis for this measure in sheep than in swine or cattle 

In other experiments, emphasis has been placed on the use of 
crossbreeding for gains in mothering ability— le, provide better 
ewes for commercial lamb production This system is currently used 
for approximately 50% of the commercial lamb production in many 
temperate areas 


Crossbreeding for Swine Production 

Crossbreeding has been widely accepted for commercial swine pro- 
duction with nearly 95% of the swine marketed in the U S and up to 
50% of the swme in the tropics being breed crosses Where commer- 
cial swine production is moving into the tropics, a system of rotational 
crossing (use of three or more breeds) has been adopted Table 10 2 
illustrates the expected heterosis for crosses between two breeds 
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TABLE 10.2 

Expected heterosis from first cross a 

i nd multiple breed crosses of stilnc. 



Heterosis (Cf ) 

Characteristic 

First cross " 

Multiple cross 4 

Number of pigs farrowed 

0 

5 

Survival 

7 


Litter size at w eaning 

10 


Weight of pigs at 154 days 

11 

14 

Total litter weight at 154 days 

22 

30 


Source Adapted from Craft. 1958 
" Boart and K>»» purebted. plg» mtdxed 
' Enari purebred, iowi and pi*» crotibird. 


(first cross) and three or more breeds (multiple or rotational crosses) 
for several important economic traits. 

A three-line (inbred lines from within a breed) or breed rotation 
cross has been recommended as an ideal method for commercial 
production; however, an objectionable feature of the breed rotation 
system is that it brings about rather drastic genetic changes in the 
offspring each generation unless the parents are similar in size. To 
avoid the cyclical variation arising from using boars of several breeds, 
breeders often attempt to capitalize on the excellent maternal charac- 
teristics of breeds like the Yorkshire or Landrace by using these 
breeds on the dam side. The rapid growth rate of the Duroc and 
Poland China are exploited on the sire side. The disadvantage of 
this approach is that it requires keeping herds of purebreds or pur- 
chasing stock to produce the lines for crossing. But some have adopted 
the system to produce a more uniform product than can be produced 
with any three-breed rotation. 


Crossbreeding for Poultry Production 

Breed and line-crossing for poultry production are practiced to a 
limited extent for egg production, but 90% or more of the broilers in 
inn ^ arL ' Placed from breeds or strains developed for cross- 
itv and . SSmS ,S one * ncr ease growth rate, improve carcass qual- 
strains ”f reas _ e ra * e °f feed intake. This same system— with the same 

areas In ^ as ‘ s °f die commercial units in tropical 

shown tLfv b RlC °’ Jordan ’ Venezuela, and Egypt, it has been 
of the inr*r * 1S i ett !r l ° moc *‘^ die environment and take advantage 
than tn Performance of improved strains and their crosses 

emp o develop groups selected for greater suitability to 
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local conditions. In India both the white Leghorn and Rhode Island 
Red have proven far superior to the local breed, Desi. Hen-day egg 
production was 192, 191, and 38 for the three groups, respectively. 
Rearing mortality was about five times as great in the Desi and total 
mortality about twice as great as in the other breeds. Feed efficiency 
was also lower in the Desi. The White Leghorn male X Desi female 
cross had higher fertility and hatchability than the reciprocal cross, 
but the reciprocal had a higher survival rate and body weight at 4 
weeks of age. All the crosses were higher in resistance to Newcastle 
disease than Desi or White Leghorns. 

On the other hand, crossing of temperate zone and native breeds 
has not been as striking in Egypt. When the Fayoumi (F), Dandarawi 
(D), White Leghorn (WL), and Rhode Island Red (R) and their crosses 
were compared, the D was highest in fertility, the WL was superior 
in hatchability, and the R was the lowest of the four breeds for these 
traits. There was little difference in body weight of F, D, or WL up to 
24 weeks of age, but R was 175 grams heavier. Crosses involving R 
were heaviest up to 24 weeks, but there was little difference among 
the other crosses; nevertheless, all crosses exceeded the average of 
the parents in weight. The crosses were higher than the average of the 
parents in egg production, with crosses containing D the best. 


Application of Crossbreeding for Heterosis 

It is evident that in exploitation of crossbreeding to capitalize on 
heterosis two factors must be kept in mind. The first is that the greatest 
degree of heterosis results from mating two breeds or the first cross. 
Thereafter, crossbreeding becomes largely a process of maintain- 
ing the heterosis. Some additional advantages over first crosses have 
been obtained by adding up to five breeds, but usually breed of 
sire effects are more important than the number of breeds, particularly 
after three breeds. It is generally conceded that three breeds are the 
minimum that can be used in a rotational crossing system to maintain 
approximately the level of heterosis obtained in the first generation. 
On the other hand, Kidder et al. (1964) recommended a two-breed 
crisscross plan as the most simple and adaptable system for many beef 
operations. They suggested that for the south Florida environment 
one of these breeds be Brahman and the other the breeder’s choice 
from among European breeds. The theoretical makeup of crosses over 
six generations is illustrated in Table 10.3. In the crisscross, the 
second generation contains 75% of breed B, which reduces the level 
of heterosis. In subsequent generations the ratios are approximately 
65:35. If maximum heterosis is realized at around 50%, the three- 
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TABLE 10 3 

Theoretical makeup of trotter from 
cm scrolling of tuo breed* or rotational 
crossing uith three breeds. 


Generation 

number 

Percent btj breed 

Crisscross 

3-brrcd t 

1 

50 A 

50 A 


50 B 

50 B 

2 

25 A 

25 A 


75 U 

25 B 

50 C 

3 

625 A 

12 5 A 


375 n 

625 B 
250 C 

4 

31.2 A 

5G.2 A 


688 n 

31.2 B 
12.5 C 

5 

656 A 

28 1 A 


34.4 n 

15 6 B 
56 2 C 

6 

32.8 A 

14 1 A 


67 2 B 

57 8 B 
28 1 C 


breed rotation does not deviate greatly from this level, except for 
the third generation where the level reaches 62.5% of one-breed 
influence. When more breeds are used, the influence of one breed is 
delayed until the generation where the input of breeds stops. The 
c oice of system will depend upon the end result desired and the 
availability of sires. 

The second factor to keep in mind is that crossbreeds among 
emperate zone breeds will often fail to exceed the high parent breed 
»n a its. ence, the value of crossbreeding must be judged on 
, a e 10.4 shows that two-breed cross pigs did not ex* 

eed the high parent in a single trait; yet the advantage of the cross- 

nIren’t a T I, ilt aS ro e e d by "' eigh ' ° f P igs so,d ' was 9% over ,he beS ‘ 
taro re P rese "'s another illustration of how the net re- 

when i r ^ S . mayriseordec ^ neinc omparisontothe high parent 

Brown W T taken ml ° amount. The three-breed cross- 

higher fl: Ayrshire x Holstein (S X AH)-gave a significantly 

more than m °' ar eed aost dla,t Holsteins. But this advantage was 
Other ernnn n v, e 6 >y poor viability and high veterinary costs. 

Other groups showed a small increase in net returns. 
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TABLE 10 4 

Comparison of net values of crossbred swtnc and parent breeds 


Trait 

Breed A 

Breed B 

Crossbreds 

Litter size farrowed (no ) 

10 0 

60 

85 

Pigs alive at 180 days (no ) 

70 

54 

68 

Survival (%) 

70 0 

90 0 

80 0 

Average weights 




Pig at 56 days (kg) 

13 6 

18 2 

15 9 

Pig at 180 days (kg) 

81 I 

108 2 

100 3 

Litter at 180 days (kg) 

568 2 

584 4 

636 9 

Average daily gain, 56-180 days (kg) 

5 

7 

7 


TABLE 10 5 

Estimated returns ( $US ) per first lactation completed for two- and 
three-breed crosses among Ayrshtres (A), Brown Swiss (S), and 
Holstcms ( H ) in comparison to Holstems 


Breed 

group 

Income over 
feed cost" 

Health 
costllact f 

Animal 
losses/lact ‘ 

Alain cost 
Idry cow 1 

Net 

return 

Ax H 

6 00 

8 00 

-11 00 

12 00 

15 00 

SXH 

10 00 

2 00 

- 2 00 

6 50 

16 50 

A X S 

-43 00 

-1100 

-16 00 

3 00 

-67 00 

A X SH 

12 00 

-25 00 

-23 00 

5 00 

-31 00 

S X AH 

27 00 

-38 00 

-95 00 

16 50 

-89 50 

Hx AS 

16 00 

6 00 

-1100 

7 50 

18 50 


Source McDowell and McDaniel 1968 

•Income over feed cost for first lactation with premium for percent fat and protein content 
‘Costs for veterinary services and drugs per lactation completed 
'Value of animals lost prior to 150 days of first lactation per lactation completed 
■‘Maintenance cost for average daj s open x JO 50/day 


Crossing of Zebu and European Breeds 
for Beef Production 

Tiie results of crossing Zebu and European breeds have been some- 
what different from those of crossing among European breeds, es- 
pecially in the level of heterosis There have been hundreds of trials 
of crossing European beef breeds on Zebu or local stocks, but few 
have had contemporaries of both parents available. Estimates of het- 
erosis from crossing European and tropical breeds come from the 
southern U.S., where experiments with beef breeds have produced 
60 different breed combinations from 13 types of sires and 15 types of 
cows (Kincaid, 1962). The Brahma, Brahman-European crosses, and 
Santa Gertnuhs crosses represented the Zebu types. These insestiga- 
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tions are summarized as follows: Maternal ability, as measured by 
growth rate of calves from birth to weaning, showed European* 
Brahman crosses from crossbred dams to be slightly better than pure 
Brahman and much better than the average of the European dams. 
Crosses between European and Brahman types were significantly 
heavier at birth than the mean of the parental types. The first cross 
between European and Brahman types showed 11% heterosis for 
growth rate from birth to 15 months of age, or 7% above the high Euro- 
pean breed. Pure European type calves grew about 79c faster than 
pure Brahman. Backcrosses to the European types were more effec- 
tive than backcrosses to Brahman in keeping growth rate near the 
level achieved in the first cross. Carcass traits— not directly related 
to growth rate— showed little evidence of heterosis and the crosses 
were usually near the average of their parents. When slaughtered as 
yearlings, European breed steers graded higher in carcass and showed 
a higher percentage of lean and bone. Lean to bone ratio, based on a 
rib cut, favored the European breeds by a small amount. Tenderness 
and eating quality were reduced by crossing with Brahman. 

In Queensland, Australia, crosses from mating Brahman and 
Africander bulls to Shorthorn and Hereford females performed better 
than either purebred parent. The crossbred cows were good mothers, 
as they produced 74-77% live calves as compared to only 56% for 
Shorthom and Hereford. Experiments in Florida and Texas with 
Brahman and in South Africa with Africander cattle indicate that the 
European-tropical breed crossbred cows make excellent mothers. 
They are good milkers, have good fertility, and wean a higher ratio 
of their own weight in a calf than either pure tropical or European 
breeds (Mason, 1966). Many others have reported that European- 
native crossbred cows perform well and that crossbred calves from 
ocal breeds often gain 10-30% more rapidly than the regular native 
stock, even under rather poor environmental conditions. The viability 
ol the crossbred calf is also good. 

S i u ^ ,es conducted °n ranches in Queensland, Australia showed 
mat /.ebu-European crosses gave higher returns than Hcrefords. 
ome ot the advantages of the crosses are shown by the following data: 


Age ready for sale (mo) 

% Weaned 
Dressed weight (kg) 

Dipping cost/head (cents/yr) 
Gross income/farm ($) 

Return on ranttal investment (%) 


Hereford Z elm crosses 


40 34 

68.5 730 

270 276 

65 43 

24,351 27.105 

5.3 7.4 
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The mam advantages were in growth rate, viability, and the need for 
tack control which on a net merit basis gave 11 3% higher returns or 
$2 10 per head of stock carried (McCarthy and Hodgson, 1970) 

It is evident that rapid increases in beef production could be 
realized from crossing European type sires on native stocks Two 
questions anse What is the best plan for mating the crossbred cow, 
especially in a poor environment, and what is the most suitable Euro- 
pean breed? At one time the Shorthorn was employed widely Later, 
the Hereford gained in popularity Recently, the use of Angus and 
Charolais — especially the latter— has expanded rapidly Some have 
preferred only partial introduction of European breed inheritance by 
using the Santa Gertrudis, Charbray, or Brangus breeds The most 
satisfactory breed of sire depends on several factors — namely, avail- 
ability and quality of sires, level of environment, market preference, 
and Iikeliness of calving difficulty For instance, a greater frequency of 
dystocia has been reported when Charolais bulls were used as com- 
pared to Angus, Hereford, or Santa Gertrudis Certainly the bull must 
be from a breed that can live and breed in the local environment 
Often this is the deterrent in the use of pure European type bulls 


Crossing of Native and European Breeds 
for Dairy Production 

At present there is little information available for estimating the 
amount of heterosis that can be expected by crossing European breeds 
with Zebu or indigenous type cattle This is because the crossings 
have usually involved small numbers of one type or the other Most 
of the time introductions have been made through sires or semen 
Although there was insufficient Zebu controls in the U S experiments 
with Red Sindhi and Brahman, there was some evidence ofheterosis 
for growth rate, milk yield, and tolerance to high temperature stress 
(Branton ct of, 1966) Growth rate of the Ft Red Smdhi-Jersey 
crosses was especially high Although the Red Sindhi is considerably 
smaller than the Jersey, both male and female T , crosses exceeded the 
Jersey in size, as illustrated m Figure 10 1 

Crossing of Zebu — in this case Red Sindhi— with European 
breeds changes not onl> bod> size but also body configuration, as 
shown by the Red Smdhi-Jcrse> crosses in Figure 10 2 The hump is 
barely cwident up to V- Zebu (lower left) and disappears m V# Zebu 
crosses (lower right) The sloping rump and length of head appear 
dominant, as these characteristics show in all the fractional crosses 
The size of ear and the udder characteristics, such as shape. ha\c a 



ficure 10.1 

A Red Sindhi-Jersey F, crossbred bull representing an example of the crossbred 
exceeding both parent breeds in growth rate At two years of age he weighed 550 
kg, as compared to 385 kg for contemporar> Red Sindlus and 450 kg for Jersey* 
(Courtesy Agric. Res Service, USDA) 


direct relation to the proportion of Zebu genes in the cross. As pointed 
out in Chapter 5, the short hair coat of the Zebu is dominant to that of 
the Jersey in these crosses. The general conformation and the udders 
of six first generation Red Sindhi-Jersey crosses in Figure 10.3 show 
that within any one combination the conformation of the animals is 
as uniform as in most pure breeds. Likewise, the percent coefficient 
of variation for milk yield for first generation crosses was similar to 
that of Jerseys (Branton ef al., 1966). 

Stonaker ef al. (1953) reported that Jersey-Red Sindhi crosses 
were superior to pure Red Sindhi in all performance traits. Over twice 
as many crossbred cows as Red Sindhis remained in the herd fora 
period of six lactations. The researchers estimated that if total pro- 
duction for the number of years cows remain in the herd were com- 
puted on age of first calving and production in the first lactation, the 
production of F, crosses would exceed 2.09 times that of Red Sindhis- 
„i I rs * Seneration European-Zebu crosses have averaged 

f b , bl! : her '" body weight at birth, 12-20% higher at one year 
e » an Q% higher at two years of age than contemporary' pure- 



FIGURE 10 2 

Illustration of changes in phenotypic characteristics produced b> crossing Red 
Sindhi and Jersej (Upper left. Red Sindhi, upper right, */, Jersey, lower left, 
Vi Jersey, and lower right, ’/, Jerse>) (Courtesj Agric Res Sen ice, USDA) 


if r- iwf “ pt 




FIGURE 10 3 

A group of first generation crosses between Red Simllus and Jerse>s as thc> 
appeared during first I ic tat ion Their average age of first calving was 25 6 months 
These six averaged 36S6 kg of milk and 227 kg of fat in 305 d i>s during first 
lac tit ion (Conrtesv Agric Res Service. USDA) 


bred Zebus. The age of first calving for crossbreds is also lower. 
Pearson vt at. (1968), among others, found no difference in frequency 
of abortion in natives and 7 4 Jersey- 1 /, Criollo crossbreds, while others, 
such as Singh and Dost (1961), reported higher frequency of abortions 
m crosses Other evidence from India has shown 7 Cc abortion in 
natives. 1 2Tc in F, crosses, and 16?r in V, native crosses. 
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™up 'meant anil percent delimit)" from pure nullir hcnlmatct, cither selected or random 
bred, for Vi, 3 !„ and 7, crosses tilth larioui European breeds. 


So 
coun • 

Breed group tries 


Milk yield 

No. No 

breeds records Mean 5c 


Cfl/dnR 

Uct. length intenal 


Age 1st 
caking 


V, Jersey 
V ( Ayrshire 
V, Friesian 

V, Jersey 
% Ayrshire 
Vs Fncsian 
'4 Br. Swiss 

*4 Ayrshire 
*U Friesian 

7* Ayrshire 
7* Fnesian 


1 1 

1 2 

1 1 

1 1 

2 2 

1 2 

2 3 

2 2 

1 2 

1 1 

1 1 


HUW SFLKCTF.D CROUPS 


50 

1911 

123 

345 

08 

3 <F) 

97 

310 

02 

49 

1526 

111 

286 

108 

419 

95 

40.0 

93 

21 

1518 

163 

280 

10S 

117 

103 

.37.5 

93 

125 

2012 

110 

315 

92 

396 

93 

28 6 

78 

562 

2109 

166 

310 

113 

381 

87 

319 

80 

202 

2859 

183 

307 

109 

423 

97 

36.1 

87 

85 

3172 

176 

326 

JOG 

421 

92 

324 

,8 

69 

1459 

135 

273 

109 

383 

87 

38 6 

89 

317 

2388 

168 

306 

1(F) 

416 

10G 

36 4 

88 

25 

780 

77 

191 

78 


_ 

47.0 

98 

218 

2264 

128 

299 

101 

462 

110 

360 

94 


FROM RANDOM CROUPS 


7, Jersey 1 

1 

424 

613 

359 

157 

275 

392 

105 

40 4 

99 

7« Ayrshire 1 

1 

27 

1842 

228 

202 

100 

443 

106 

45 5 

92 

Vj Jersey 2 

2 

60 

2124 

2-12 

292 

115 

.387 

81 

351 

70 

Vi Ayrshire 1 

1 

77 

2058 

173 

282 

123 

382 

93 

370 

76 

V t Fnesian 4 

4 

542 

1628 

136 

276 

117 

450 

112 

33 3 

76 

‘4 Shorthorn 1 

1 

311 

2111 

168 

278 

117 

399 

98 

36.7 

81 

*U Jersey 1 

1 

59 

2361 

188 

298 

126 

359 

88 

28.9 

68 

*/« Ayrshire 1 

1 

23 

2106 

261 

310 

153 

419 

94 

38.4 

78 

3 /« Friesian 2 

2 

119 

2130 

136 

316 

131 

440 

101 

351 

82 

s l. Shorthorn 1 

1 

59 

1903 

151 

309 

130 

463 

114 

342 

81 

7s Jersey 1 

1 

25 

2870 

228 

324 

137 

3S3 

94 

26.7 

63 

7* Friesian 1 

1 

22 

2095 

172 

283 

120 

450 

111 

42 4 

100 


uated fo r their response to selection before being lost by crossbreed- 
g -,‘™ fro ; n vtossing are particularly impressive in view of 
the fact that often the European bulls were bred to the lower half of 

native hulls ° WS * he herds ' whi,e the be,ter cows were mated 

ceeHed Tnmlt ‘I?'” 0 pure l W es . the pure European breeds 
herds found n k l r' “'T* lhese herds were better than average 
herds found on local farms, the pure European breeds were subjected 
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to environments near similar to those of the native breeds Compari- 
son of the performance of crossbreds and pure European breeds is not 
included in the summary, but in herds where they were together, the 
pure European cattle tended to excel the crosses in total milk yield 
and yield per day of lactation, as illustrated by the following data 
from a herd m Venezuela 


Group 

Lact length 
{day) 

Milk 

(kg) 

Milkfday of lact 
(kg) 

Holstein 

287 

4018 

14 0 

7* Holstein Cnollo 

290 

3643 

12 6 

3 /i Holstein Cnollo 

285 

3560 

12 5 

% Holstein Cnollo 

274 

3087 

113 


In the majority of the herds the pure European breeds were 
poorer than crosses in viability, age of first calving, frequency of abor- 
tion, and especially reproduction as measured by calving interval 
In spite of the default m the crosses, the pure European breeds had 
longer calving intervals, than the native breeds, their yields of milk 
per day of calving interval were higher (Kassir, et al , 1969), as il- 
lustrated by the following data on native breeds and Fnesian-native 
crosses The deviations without minus signs are economically ad- 
vantageous, those with minus signs, disadvantageous 



Avg for 
native 

'l,F 

% Deviation from native 
7, F % F 

Fr 

Age 1st calving (mo) 

44 9 

20 

12 

14 

22 

Calving interval (da) 

396 

-20 

-31 

-18 

-20 

Dry period (da) 

182 

-47 

-49 

-73 

-57 

Service period (da) 

103 

-16 

6 

- 2 

11 

Lact length (da) 

219 

48 

47 

50 

55 

Milh/da cal interval (da) 

26 

77 

78 

101 

102 


Table 10 7 shows the average performance of crossbred groups 
with \anotis amounts of breeding Ayrshire, Jersey, Fnesian or Hol- 
stein, Brown Swiss, and Shorthorn There is some variation in per- 
formance among the crosses related to the European breed involved, 
but more of this appears associated with small numbers and possible 
differences in quaht> of sires than real differences in combining abil- 
ity In general, it seems that all European breeds combine satisfac- 
torily with native breeds Currently Holstems are employed in the 
greatest numbers, but there is no clear evidence tint Holstems give 
better results than other breeds 

Nothvv ithstandmg the fact that employing a small breed, such as 
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A number of investigations, for example that of Amble and Jain 
(1967), have indicated a decrease in milk yield as the proportion o 
European blood deviated from V 2 or % on either side. Webster and 
Wilson (1966) showed this was also true for number of calvings: the 


TABLE 10 6 - At ... 

Average performance of " selected " and random groups of native cattle 
versus average performance of crosses with '/«, V*. */«. ond Vs fractions 
of European breeding and pure European breeds. 


No. of 

Milk yield 

Lact. length 

Calving 

interval 

Age 1st 
calving 

No. of breeds 
coun- 

No. of Mean 

Mean 

Mean 

Mean 


Breed group 

tries 

Nat. 

Eur. 

records 

(leg) %• 

(days) 

% 

(days) 

% 

(mo) 

PURE NATIVE 

Selected 

3 

3 


1464 

1444 

278 


437 


42.4 

Random 

6 

6 


2338 

631 

190 


400 


41.8 

Avg. all 

7 

8 


3802 

944 

219 


410 


42.0 __ 





V, EUROPEAN CROSSES 






Selected* 

1 

2 

2 

123 

1727 120 

313 

113 

419 

96 

36 0 85 

Random 

2 

2 

2 

431 

633 100 

158 

83 

393 

98 

40.5 97 

Avg. all 

2 

4 

3 

554 

875 93 

192 

88 

397 

97 

39.5 94 


'It EUROPEAN CROSSES 


Selected 

3 

3 

4 

974 

2339 

162 

310 

112 

400 

92 

35.0 

Random 

4 

4 

4 

990 

1843 

292 

278 

146 

414 

104 

35.0 

Avg. all 

6 

7 

5 

1964 

2088 

221 

293 

134 

408 

100 

35.0 

V, EUROPEAN CROSSES 

Selected 

2 

2 

2 

386 

2222 

154 

300 

108 

456 

104 

36.8 

Random 

3 

3 

3 

210 

2074 

329 

312 

164 

441 

110 

34.9 

A\g all 

4 

5 

3 

596 

2170 

230 

304 

139 

450 

110 

36.1 


Selected 
Random 
A\g all 


’/, EUROPEAN CROSSES 


2 2 243 2111 146 288 104 462 106 37.1 

1 2 27 2323 368 295 155 430 108 37.8 

3 3 270 2125 225 288 132 460 112 37.1 


PURE EUROPEAN 


Native' 

European 


1130 

1273 


2083 

2974 


•A v*r**e 

*1 Enfot>r»n kml 
'Urn!™ 


244 

333 


416 


426 


433 104 31 3 


Europ ” n brrrd, orl,. not .nclndrd in m r,n for Pore 


1885 1 1 S £ S 
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average numbers were 5 0 for V 2 and % European crosses, and 3, 
2 5, 2 0, and 1 5 for 3 / 4 , 7 / g , 15 /i6 crosses, and pure European, respectively 
These studies represent small groups in separate herds, but when 
they are put together contrary trends emerge 

Table 10 6 contains a summary of the average performance of 
pure native, various fractional crosses with European breeds, and 
pure European breeds for several traits important in dairy production 
These values were derived by pooling data from 48 herds throughout 
the tropical world at locations of less than 2000 meters elevation In 
order for a herd to be included, it had to have two or more groups that 
were contemporanes and at least 10 milk records per breed group 
The pure Europeans were required to have at least pure native con- 
temporary herdmates There are 9 breeds included in the pure native 
grouping These were divided into “selected” and “random” groups 
— the “selected” group including herds that had been m existence 
several generations, and the “random” group consisbng of herds of 
newly assembled native stock or herds in which little or no attention 
had been given to sire identification and selection There were 6 pure 
European breeds, 5 of which were represented m the crosses The 
European breeds in the l / 4t V 2 , 3 / 4 , and 7 / g crosses are given in Table 
10 7 The group means in Table 10 6 are based on all records available 
and the percentages represent the ratio of the crossbred mean to that 
for the native herdmates 


Even though all breed groups were not in the same herds and 
there were variations in levels of feeding and management, disparity 
in the number of sires of European breeding used, and no doubt dif- 
ferential selection m the quality of sires, rather consistent patterns 
emerge for crossbreeding, especially when the “selected” native was 
the base stock For milk yield, the V, » crosses were 62% above the 
average for native herdmates The 3 / 4 and 7 / 8 crosses were 40-50% 
higher, but the 7, European crosses were considerably lower Length 
°f lactation period tended to increase with the proportion of Euro- 
pean breeding, but age at first calving tended to decline Calving in- 
terval m both the crosses and pure European group was as long as for 
the native group cattle, and sometimes longer Due to the fact that 
the average milk yield of the “random” group was extremely low, the 


increase by crossbreeding was markedly higher than for the “se- 
ected ’ group Based on the average yield for crosses from a random 
Kmup of native stock, it appears that one or two generations of crossing 
u ith European breeds can provide as acceptable milk producers as 
s 'irtmg with “selected” native stock This suggests that unless the 
grossing is to be earned on to produce bulls for distribution to other 
♦''mis, selected groups” already in existence should perhaps be cv al- 
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the Jersey, would provide animals more suitable to warm 
from the standpoint of resistance to thermal stress and there y P 
haps more efficient, Holsteins will continue to be popular for crosst g. 
The Holstein or Friesian has several factors in its favor, viz the cros 
will produce higher lactation yields than crosses with other breeds 
and there is a larger population to draw from. The breed has the mos 
extensive progeny testing program in both the temperature an 
climate regions. Its light-colored body fat is preferred for beet be- 
cause it does not make the carcass appear as fatty as yellow fat, whic 
is characteristic of the Jersey. The returns from the sale of day-o or 
very young Holstein cross calves in the market will ordinarily e 
enough to more than cover breeding costs, whereas returns fr on \ 
Jersey crosses will not. The Brown Swiss has many of the features o 
the Holstein and has been popular for crossing, chiefly in Latin Amer- 
ica, but it is declining due to the small number of high quality sires 
available. 


Probably the best way of determining the most suitable breeds or 
crosses is to examine their potential on the basis of “total dairy merit. 
The estimated total numbers of females needed to maintain herds of 
native, crossbreds and European types which would provide a total 
daily herd output of 250 kg of milk throughout the year are presented 
in Table 10.8. The requirements of females in lactation, dry cows, and 
young stock are based on the group averages from Table 10.6. These 
include level of milk yield, and length of lactation, as well as estimates 
of calf and cow losses per year. Because of short lactations, the ratio 
of dry cows to milking cows range from about 1:1 in the “random 


native types to 1:4 in the pure European. The non-lactating groups are 
included to show how viability and age of first calving determines the 
required total herd inventory of females. The low values for percent 
herd efficiency (number of females in lactation/total herd inventory 
X 100) for the random group show that in addition to milk yield per 
cow, factors such as length of lactation, calving interval, age of first 
calving, and animal losses contribute immensely to the estimate of 
dairy merit The combined picture is what is most important to a com- 
mercial dairy operation. Studies on four separate breeds of native 
types gave estimates for dairy merit similar to those for the native 
groups (McDowell, 1971). 


Based on the performance of Jersey-Hariana crosses and pure 
Hanana at Haringhata, India, the herd size required to produce 700 
kg ot milk per day would be 325 females for F, crossbreds as opposed 
o J 1 U tor pure Hariana-a reduction of 64%. The crosses were not 
only superior in milk yield but also in other traits important in total 
dairy ment. Although feed - * - - • J 


per animal was higher for the crosses. 
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TABLE 10 8 

Average expected performance of various groups and 
numbers of females of each group required for a herd 
that Will provide 250 kg of milk per day throughout the year 


Trait 

Native 


Crosses 0 


Pure 

European 

Selected 

Random 

'h 

% 

% 

GROUP AVERAGES 

Lactation milk (kg) 

1444 

631 

875 

2088 

2170 

2974 

Milk yield/day (kg) 

52 

33 

46 

7 1 

7 1 

89 

Calvtng interval (days) 

437 

400 

397 

408 

450 

433 

Lactation length (days) 

278 

190 

192 

293 

304 

333 

Age at first calving (mo) 

42 4 

418 

39 5 

35 0 

36 1 

371 

Calf mortality (%) 

10 

24 

15 

10 

17 

20 

Cow Iosses/year (%) 

12 

22 

14 

10 

20 

21 


NUMBER OF FEMALES REQUIRED 


In lactation 

48 

76 

54 

35 

35 

28 

Dry covvs 

Young stock 

27 

68 

22 

14 

17 

8 

36-42 months 

17 

34 

19 

0 

4 

4 

25-36 months 

18 

36 

20 

10 

16 

8 

13-24 months 

26 

38 

21 

11 

17 

9 

4-12 months 

27 

42 

22 

12 

18 

10 

Females bom/ycar 

30 

62 

32 

21 

20 

14 

Total herd 6 

154 

307 

164 

86 

110 

69 

Herd efficiency ( %Y 

31 1 

24 8 

32 9 

40 7 

31 8 

40 6 


•Proportion of European breeding 

•Include* all female* A month* and older plu* 20% of female calve* bom per year 
'Number In LctatJon/tola) herd x 100 


feed requirements would be about 63% less for the crossbred herd 
(325 crosses vs 010 Harianas). Thus, the feed energy per kilogram of 
milk produced by the pure Hariana herd would be more than twice 
that for a crossbred herd providing a similar quantity of milk (Mc- 
Dowell, 1971), 


Crossing of Native and European Breeds 
for Sheep Production 

Numerous breeds of sheep as well as cattle, have been imported into 
the tropics. The performance of crossbreds, principally first genera- 
tion. has been acceptable. For instance, in Egypt. Suffolk X Ossimi 
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crosses were 30% heavier at birth than Ossimi and 37% larcer at 6 

m ° n Cross f in| e with European breeds produces larger sheep with an 
intermediate type wool. But often feed supplies arc so limited th. 
the increased growth potential is not realized. And the wool from 
the crossbreds is not readily accepted for borne weaving. As a resu 
of these factors, plus a greater interest in milking qualities than in 
growth or wool in warm climates, crossbreeding lias not been widen 
accepted by either small flock owners or nomadic tribes. The pros- 
pects for crossing among groups of slicep in the warm climates arc 
discussed further in Chapter 15. 


GRADING UP 

Grading up, as defined in Chapter 9, is no longer extensively em- 
ployed in the temperate zone; but it continues in wide use in the 
warm climate regions, although it has had mixed results. For instance, 
in Israel the grading up of local Syrian cattle with Fricsians has been 
quite successful. Yet in Iran, India, and numerous other countries, the 
first generation crosses performed well but the backcrosses (second 
generation of grading) to the introduced breed often performed more 
poorly than the % to% combinations (Amble and Jain, 1967). The usual 
reason given is that the crosses “lost their adaptability,” which im- 
plies changes in the basic physiological processes of heat regulation. 
A more likely explanation is that the poor performance stemmed pri- 
marily from a change in size. The indigenous stocks were typically 
smaller than the “improved type.” There was sufficient hybrid vigor 
in the first generation crosses for them to perform well in the local 
environment. In the backcrosses to the introduced breed ( 3 /« and 1 U 
improved breed) hybrid vigor declined and the inheritance for body 
size increased, thereby making the energy needs for body mainte- 
nance materially higher. This resulted in the crossbred being sub- 
jected to a high degree of nutritional stress, which in turn led to a 
general breakdown in body functions and poor performance. 

In other countries, such as Venezuela, two or even three cross- 
ings to an introduced breed of dairy cattle have proved reasonably 
successful before “degeneration” set in. Here too, the major cause of 
lowered performance, above the % or \ level of introduced breeds, 
may have been due to limitations of feed energy in relation to require- 
ments For maintenance and production. 

Grading up oflocal stocks has several advantages: it is the cheap- 
est means of eventually replacing the local stock since only males or 
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semen are needed, with semen use, area or country programs can be 
rapidly initiated, it permits capitalizing on progeny test results from 
areas where it is already practiced, and it permits gradual adjustments 
of local farming methods and development of the animal husbandry 
skills needed to handle the improved stocks No doubt “grading up” 
will continue to be practiced It is hoped that there will be a simul- 
taneous growth of awareness of the need for improvement in the 
level of environment with each generation 


DEVELOPMENT OF STRAINS 
FROM CROSSBRED FOUNDATION 

The majority of the recognized breeds in the world today have re- 
sulted from the crossing of two or more groups Since the 1930s there 
has been extensive expenmentation with crossing to improve existing 
stocks The purpose has been to incorporate into the basic population 
desirable traits from other breeds and then attempt to fix the character- 
istics of the crossbred types As pointed out earlier, this has been 
widely practiced with swine and poultry There are also several recog- 
nized strains or breeds of sheep and cattle that have been developed 
by this method (Table 10 9) Representatives of several of these new 
strains are shown m Figures 10 4-10 11 

Probably the most prominent of the new breeds of cattle is the 
Santa Gertrudis Initially, the approach in development of this breed 
was similar to that employed by swine breeders There were large 
numbers of crosses made and eventually a bull, called “Monkey,” 
showed up with most of the qualities desired It was through use of 
his sons that the breed evolved 

Other groups of cattle that have attained prominence are the 
Beefmaster in the U S , the Bonsmara of South Africa, and the Jamaica 
Hope of Jamaica These were developed through intensive selection 
from a “gene pool” of relatively small numbers 

The new breeds ha\e been accepted reasonabl> well They have 
certain advantages but are not necessarily the solution for all the 
tropics The Santa Gertrudis is the most popular imported breed in 
the Philippines, as well as in areas of Latin America and Australia 
It seems to have a number of good qualities, such as hardiness and 
good growth rate, but it is not held in high esteem by man> due to 
poorer tlnn desired libido in some of the males and long calving 
intervals in females The Jamaica Hope has been well accepted in 
Jamucn, but it too mav have limitations in reproductive efficient}, 
as measured bv calving interval and services per conception This 



380 LIVESTOCK BREEDING 


TABLE 109 

Some recognized breeds 

r developed from crn%%brcd foundation 


Name 

Theoretical composition 

Origin 

CATTt.i: 

Bonsmara 

% Africander. *L Shortborn 

South Africa 

Santa Gertmdis 

V. Shortbom, s /» Zebu 

United Statrs 

Becfmaster 

% Zebu, Vi Hereford. V, Sbortborn 

United States 

Induhrasil 

2 breeds of Zebu 

Rr.i/lt 

Droughtmaster 

Admixture of But fuunit and Bm Indian 

Australia 

Quasar 

^ Ho $ indlcus, V, tannn 

Australia 

Brangus 

Brahman. Angus 

United States 

Bray ford 

Brahman, Hereford 

United State* 

Charbray 

V, Cbarolais, V< Brahman 

United States 

Jamaica Hope 

Jersey, Zebu 

Jamaica 

Jamaica Bed 

Red Poll. Zebu 

Jamaica 

Jamaica Black 

Angus, Zebu 

Jamaica 

Occampo 

Holstein. Zebu 

West Indies 

Barzona 

Afncandcr, Hertford. Santa Ccrtnuhs 

United States 

SULFl’ __ 

Columbia 

Lincoln, Ramliouillct 

Unites! States 

Comedalc 

Lincoln. Leit ester. Merino 

United States 

Panama 

Ramboiullct, Lincoln 

United States 

Soviet Corriedale 

Lincoln, Ramlmmllet 

USSR 

Romcldale 

Romney. RamlMiuillet 

United States 

Thribblecross 

Cotswold, Spanish Mcnno 

United States 

Dormer 

Dorset Horn, German Merino 

South Africa 
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has probably resulted from the inbreeding required in development 
of the breed. The Jamaica Hope’s performance in commercial herds 
in Jamaica varies with the level of environment (Wellington, et ah, 
1970). Until recently there have been few other breeds available in 
the same herds, hence there was no way of determining whether 
this breed performs better than other breeds- e.g., the Holstein. 
But preliminary evidence suggests the Jamaica Hope has better 
breeding efficiency than recently imported Holsteins in dairy herds 
ot Jamaica. 

Where small numbers are available to develop a new breed, the 
Eree of ... 


an numbers are available to develop a new breed, trie 
oegree ot success is critically associated with careful selection of 
individuals. Unfortunately u 


. , wmcdiiy associated with caretul selection 

pii IV1 ua s> Unfortunately, this concept has not always prevailed. 
,r , S , a “ e /" pt to recapitulate the makeup of the Santa Gertrudis 
t noad, 1949) as precisely */* Shorthorn and 3 /„ Zebu was a disservice 
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FIGURE 10 4 

Two year old Bonsmara heifers representing a breed developed from crossing 
Africander with Shorthorn in the Union of South Africa This breed has become 
popular for beef production It is especially good in reproductive efficiency and has 
high tick resistance (Courtesy J C Bonsma, Umversit> of Pretoria) 



HGURF 10 5 

A bull of the Quasar strain, winch was de\ doped from mating pure Bos itultcus 
(Salmv.il) bulls on selected Shorthorn dams Tills strain has become quite popu) ir 
in northern Queensland, Australia, as it is a hard) grizer and has good tick 
resistance (Courtes> 1) F Dowling, Umvcr.it) of Queensland) 

as it led planners to believe that this ratio of two breeds was desirable 
in all cases. This narrow view has caused planners to forget that maxi- 
mum flexibility in creating “gene pools” has been the basis of success 
for most of the strains of cattle, swine, and sheep accepted by com- 
mercial producers. 



FIGURE 10 6 

A Quasar cow with her calf by a Charolais bull The Charolals-Quasar cross is 
being used to develop an additional strain— Charsar- which has the improved 
growth rate and carcass composition of the Charolais (Courtesy D F Dowling. 
University of Queensland) 

If animal breeders are to be successful in developing groups with 
high suitability to particular environments, rigid plans such as the 
one shown in Figure 10.12 should be avoided. This scheme proposes 
development of a new strain by crossing Brown Swiss with locally 
available Zebu cattle (Sahiwal) beginning with a fixed plan to obtain 
the initial groups intended for selective breeding. Among the disad- 
vantages of this approach would be the 20 or more years required to 
reach the planned combination (third generation) for intensive selec- 
tion. Also, there is no assurance that the \ Brown Swiss- 3 /,, Sahiwal 
represents the best combination for the anticipated environment. 
Furthermore, such a procedure, except with large numbers, would 
restrict the opportunities for selection for a long time. It would be 
more appropriate to carefully select the “improver breed,” make a 
rst generation cross or possibly a backcross to the improver breed, 
depending upon the anticipated level of environment, and then initi- 
ate crossbred matings with intensive selection. 
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FIGURE 10 7 

A Droughtmaster bull representing a strain developed in Australia for beef 
production from crossing several breeds of Bos tattrus with Zebu ('/« to Vt Zebu) 
This is another strain popular for beef production in northern Australia (Courtesy 
J K Loosli, Cornell University) 


A more effective approach was tire one taken m Louisiana by 
Hollon ct al. (1969), in which the concept of a “gene pool” was em- 
ployed. For the initial pool, a selected group of Red Sindhi-Jersey 
crosses, along with purebred Jersey and Holstein females, were 
crossed for one and two generations to selected progeny tested Hol- 
stein and Brown Swiss sires. First and second generation crossbred 
sires were then sampled across the crossbred female groups. This 
meant in some instances, inter se matings and in others, an expansion 
of gene combinations from which to choose. Compared to contempo- 
rary purebred Holsteins, the crosses resulting from the use of the 
crossbred sires averaged 22% less in milk yield. Thus, it appeared that 
the initial gene pool had not attained the desired objective— namely, 
exceeding the performance of Holsteins in production and reproduc- 
tion efficiency. The gene pool was reopened. Since the combinations 
with the Red Sindhi were the poorest, these were eliminated as 
rapidly as possible and additional infusions of Holstein and Brown 
Swiss breeding were tested prior to further sampling of crossbred 
sires. (A similar procedure was followed in development of the 
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figure 10 8 

An Indubrasil cow representing a breed developed in Brazil from crosses of two 
breeds of Zebu originating in India Tills t$ one of scry few breeds developed in 
modem times from crosses of two Zebu breeds Its performance under extensive 
grazing conditions In Brazil is reported as good (Courtesy J S Veiga) 

Jamaica Hope.) When the level of environment at the Bodies Experi- 
ment Station in Jamaica was considered sufficient to support a more 
productive and larger animal, a partial infusion of Holstein breed- 
ing was introduced to further increase milk yields. These experiments 
clearly indicate the value of keeping the gene pool flexible, rather 
than adhering to the concept that once a population is closed for 
selective breeding it must remain closed. 

In summary, crossbreeding in one form or another appears to 
offer the most practical approach for improvement in many situations. 
It can be utilized effectively in various ways. Where native livestock 
are reasonably satisfactory, genes may be introduced by limited cross- 
ing with an improver stock before selection is initiated. If the native 
animals are so inferior that they should eventually be replaced, con- 
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Hereof Charbray cattle, a strain that is becoming quite popular in the southern 
U.S. It was developed from crosses of Charolais (’/«) and Brahma ( /«)• 



figure 10 12 

Illustration of a proposed breeding plan for 
development of a new strain for dairy production 
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tinued grading up to improved stock and rigid selection should follow 
the initial crossing Sometimes, however, crossing among local types 
may result in sufficient hybrid vigor to be worthy of consideration 
Grossing may also be employed to capitalize on improved maternal 
ability, which would be quite useful where the young suckle their dam 
Unless the environment is improved to meet the needs of larger 
and potentially more productive animals, crossing will fail to yield 
the desired results Often such improvement is not economically 
feasible And the expected performance of local stocks may be too 
low to encourage development of commercial livestock enterprises 
The resulting dilemma is whether to try to modify the local environ- 
ment and utilize an improved strain of stock, or to try to gradually 
improve local stocks through selection Certainly there is no uni- 
versal solution 

Some animal breeders contend that stocks indigenous to the 
tropics have great genetic variance, and that therefore quick improve- 
ment should be possible through selection On the other hand, 
Mahadevan (1965) concluded from a study of Nganda cattle in Uganda 
that although some genetic progress had been made after 12 years of 
selective breeding, it had not been possible to find even one outstand- 
ing bull, nor had it been possible to bring about a significant increase 
in milk production by selection of cows in the herd The majority of 
animal breeders working with indigenous cattle currently hold the 
view that a policy of breeding up indigenous stock will fail to yield 
satisfactory results primarily because of the limited resources that 
can or will be mobilized to provide sufficient numbers of animals and 
performance records for effective selective breeding 

Thus it seems that some crossing of local stocks with an improver 
breed is warranted One cross, or the 50% le\ el of an improved breed, 
will often be all that can be tolerated, at least until there is marked 
improvement m the emironment If crossing beyond this lei el tran- 
spires, the program may fail, necessitating continuation of the new 
stock by immediate inter sc mating— that is, interbreeding of the 
first generation crosses Tins approach has been reasonably well 
accepted m development of new strains of poultry', sheep, and swine, 
but there has been considerable stigma against it in cattle breeding 
because of the expected wide segregation of genes, which would 
cause the variation m the r 2 to be ccmsidcrablv greater than in the 
T, Increased variation m the T- over the T, would be expected when 
the difference between the parent stocks is large, when the number 
of genev involved is small, and when the hentahihty is high, hut for 
ch l meter, expressed from a large number of genes, there should he 
little or no mcreisc in variation in the r 2 over the r„ irrespective of 
the in igntttide of the difference in the p irent stocks 
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There is little information on the expected perfo ™ance of inter- 
breeding of crossbreds in warm climates beyond that of the new 
strains described earlier. This is because inter se breeding amo g 
crossbreds has never been carried out for a sufficient number of gen 
erations and with enough animals to give it a fair trial. Some ya y 
investigations in India indicated a considerable decline m ‘he per 
formance of F 2 and later generations of inter-mated crossbreds. TheK 
results were no doubt influenced by an increase in the degree ot in 
breeding in the small herd. In contrast, Kidder ct ttl (1064) reported 
that offspring resulting from mating crossbred bulls to crossbred co\ 
showed some advantage over purebreds at weaning, but by 12 mom 
of age they were intermediate in weight between the parent breeds o 
Brahman and Devon -212, 207, and 224 kg, respectively. F 2 crosses 
of Red Sindhi and Jersey were 10-15% below F, crosses in 8*°'^ 1 
rate and milk yield, which was about the level of heterosis for the V 
The F 2 crosses were, however, 57% higher in performance than k 
Red Sindhi crosses (Branton ct al., 1966). This made the F 2 crosses 
about equal to the mean of the parents. Similarly, in sheep F 2 crosses 
have equalled the average of the parent breeds in performance (Bow- 
man, 1966). 

If it can be anticipated that the F 2 crosses will perform at an inter- 
mediate level to F, crosses, it would be a wiser policy to intermate 
crossbreds of the breed combinations that could probably be sup- 
ported by the environment. The mating of crossbreds in no way 
changes the need for careful selection and restriction of inbreeding- 
Its most important advantage is that it can create in one generation a 
plateau of performance equivalent to that produced by several gen- 
erations of selective breeding in indigenous stocks (unless at least 
60% of the indigenous stock can be discarded at one time.) From this 
plateau, selection can begin. Cattle breeders could close their herd 
after one or two gradings to improved breeds and use as few as four 
unrelated bulls without risking severe inbreeding effects (Warwick, 
1960). 


METHODS OF EMPLOYING LIVESTOCK 
IMPROVEMENT PROGRAMS 

With the foregoing observations in mind, the next step is to consider 
some means whereby breeding programs may be implemented. Rec- 
ommendations are based on the premise that for any system to be 
effective some governmental participation will be required— espe- 
cially m guidance of programs and provision of capital. This is not to 
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imply emphasis on development by the private sector but the major 
reasons governments must become involved is lack of the infra- 
structure for guiding programs, such as breed societies, and providing 
capital 

In numerous countries, individual breeders have initiated suc- 
cessful programs of genetic improvement They have not, however, 
been as judicious in consideration of their peers resulting oftentimes 
in dispersion of rather inferior stocks Individual breeders frequently 
emphasize traits that may or may not be of the highest economic sig- 
nificance or contribute to the improvement in the general population 
Furthermore, for a program to be effective it should be closely allied 
to a research program, which is another important reason for involve- 
ment of government agencies and universities 

The simplest and least expensive system would be for the govern- 
ment or its agencies to initiate a recording system whereby representa- 
tives would go periodically to the village or individual farm and meas- 
ure milk yield, in the case of dairy production, or weigh calves or 
lambs as a means of identifying females giving the best performance 
The better producing females identified through these records would 
be earmarked so that their sons would be saved The sons would be 
brought to a central location and reared in a common environment, 
where information could be obtained on rate of growth and de- 
velopment for use in making further selections among the males 
Males selected from these groups could then be redistributed for 
natural service or artificial breeding (AI) for use among the general 
population of females This system is illustrated in Figure 10 13 
The plan shows that the procedure would be repeated periodically, 
preferably on an annual basis, with the intent of genetic improvement 
This would give primary emphasis to the use of superior dams If 
used for milk yield in cattle, it would permit up to 33% of the total 
opportunity for genetic gain (Robertson and Rendel, 1950) In later 
years the rate of genetic improvement could be enhanced by prog- 
eny test information becoming available on the sires distributed in 
earlier years 

A second system, illustrated m Figure 10 14, provides for estab- 
lishment of a breeding research institute as a seedstock herd or flock 
under intensive selection Selected males could be distributed ac- 
cording to the prev ions plan for use among the general population 
This procedure has often been applied but without very’ satisfactory 
results Tlve inadequacy has resulted from too few animals and too 
low selection differentials, mainly because the institute confined its 
base population to an original group of animals chosen principally 
on a phenotypic basis in one period of the year The males, and in- 
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FICURE 10 13 

Plan for selective improvement in indigenous stock emphasizing selection of 
superior dams from among village owners for producing bulls 


directly the females, selected in this rather inefficient fashion have a 
large influence on later generations. This system could be effective 
tf a selected herd or flock represented the upper 30% of the general 
population. A more efficient system would be to select a group of 
animals from the general population and assemble them at the re- 
search institute or possibly a commercial farm, where they could be 
observed through one production cycle-e.g., lactation or lambing, 
f ollowing the first “production period/’ 50% or more of the females 
s iou )e iscarded. The procedure of female selection should be re- 
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Government Centers Local Farms 



figure 10 14 

Plan for grading up local stock via a seedstock herd 


peated for several years— at least three and preferably five. The “se- 
lect” herd could be developed as illustrated in Figure 10.15. If the 
selection differential after arrival in the seedstock herd is 50% or 
higher, the basic group will be of much higher quality than a group 
produced by one selection period. This is not an expensive procedure 
as rental or condition of sale could be a part of the arrangement with 
the initial owners. 

A third approach (Figure 10.16) is commonly practiced in many 
tropical areas, frequently with disappointing results. This involves 
tile importation of sires, semen, or even groups of males and fe- 
males, which are employed in a grading up scheme on local stocks. 
The major disadvantage as normally applied has been the small num- 
bers of animals or semen imported. Nevertheless, this system lias met 
with marked success in Israel and with reasonable success elsewhere. 
In this system the local stock is gradually replaced, but unless the en- 
vironment is good the first generation cross may he the only group that 
performs satisfactorily. Disappointing later generations may result 
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Government Centers Local Farms 



FiGunE 10 16 

Plan for grading up local stock with imported stock through 
Importation of sires, or semen, or from seedstock herd of 
imports 

and 75% of its native breeding. In subsequent generations, the in- 
fusions of imported stock would be 12 and 6%, respectively. Grading 
up could proceed for 4 to 5 generations before approaching the 50% 
jicvel. By the time this stage is reached, either the stocks and managers 
^h on Id lie good enough to go on with the scheme or the managers 
liould be encouraged to take up some other type of enterprise. This 
ystem also has the advantage that if anywhere along the way part of 
te producer^ are capable of handling better quality stock, n direct 
ross can be made with the imported types. It also has flexibility and 
ffords an opportunity to broaden the sampling of combinations of 
! nportcd and local types. 





LIVESTOCK BREEDING 



FIGURE 10.17 

Plan for grading up local stock with crossbred sires produced from 
seedstock herds 


The plans described by no means represent all the possibilities. 
They are set forth to illustrate some possible systems, along with 
their basic requirements and advantages. Two other approaches not 
considered are to continue the status quo or replace the indigenous 
stock outright by importations. Costs for the latter— on any sizable 
srale— are prohibitive. There will be areas, such as the Llanos region 
o enezuela and Colombia, where it is inadvisable to go to the ex- 
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pense of introducing improved sires until the cattle are brought under 
higher intensity of management. Accordingly, it would be inadvisable 
to invest much in attempts at upgrading until large areas can be in- 
corporated into a scheme. Whichever approach is taken, it must be 
kept in mind that livestock improvement is a slow, tedious, costly 
undertaking with many pitfalls. Although much more research is 
needed, there is currently adequate technology to apply certain broad 
principles. But these ought to be applied with more caution and sys- 
tematic planning than have usually been demonstrated heretofore. 
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The Functions 
of Management 
in Livestock Production 


Dictionaries give a number of definitions of management, including 
“to operate, handling, making use of, direction, carefulness, prudence, 
husbandry, and decision making.” The manager or person in charge 
of a livestock enterprise is commonly thought of as a doer or operator 
who executes in varying degrees all the definitions listed. But un- 
doubtedly his most important function is that of “decision making.” 
This is the basic role no matter what the level of the enterprise: 
(1) deciding what is wanted and (2) deciding how the goal is to be 
achieved. 

What the decision maker or manager wants is concerned with the 
type or types of enterprises —whether it be a breeding establishment 
to produce animals to sell to other producers, or a commercial herd or 
flock to produce animal products for profit, whether an intensive, 
semi-intensive, or extensive operation, etc. In this context a sig- 
nificant part of management consists of trying to determine what 
results are desired. Even though professionally trained animal tech- 
nicians can advise the manager on general considerations, it rests 
with the manager to make the final decisions for his particular enter- 
prise. After determining his objectives, the manager must then decide 
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how to accomplish them. For example, he must decide what breeding 
system to employ and how to ameliorate the natural environment, 
provided the odds are reasonably good for achievmg a proht 

The preceding chapters have dealt with some of the guidelines 
that a manager might employ, or an animal technician might pass on 
to a livestock-man, relative to step (1) in decision making. This chap e 
and the other three chapters in this section, together with Chapter , 
deal with guidelines for step (2), that is, getting the desired results. 


MANAGEMENT SYSTEMS 

Various classifications of farm operations have been proposed. One 
classification is based on the intensity of the operation — intensive, 
semi-intensive, extensive, or nomadic. This assumes that leve o 
intensity will determine the level of skills required by the operator 
and the capital investment per animal (FAO, 1968). Another method o 
classification is based on climatic regions, such as described in 
Chapter 6— namely, wet tropics, humid summer (7-9'/j months rain- 
fall), wet-dry (4V 2 -7 months rainfall), dry (2-4'/ 2 months rainfall), 
and semi-desert or desert. The underlying premise is that variations 
among these regions will largely determine the appropriate methods 
of management. Others have stated that the degree of sophistication 
of husbandry or management practices is closely associated with 
systems of land tenure— e.g., large ownership versus small holdings; 
the availability of transportation; proximity to market or market 
conditions; or literacy level of the people involved. It has also been 
proposed that livestock enterprises fall into one of two typos- - 
scavenger” versus productive or “livestock keepers” in contrast to 
productive units with the assumption that management level is low or 
nil for the scavenger but skills in decision making are required in a 
productive enterprise. 

Obviously all of these classifications have some justification and 
numerous illustrations could be set forth to show the correlations of 
these to practical applications of certain practices but probably the 
single factor which governs whether a certain management practice 
is employed is its economic feasibility. The factors that determine the 
most feasible method of management are so numerous that any broad 
system of classification will prove too rigid. Each management regime 
must deal with its particular set of problems and also remain highly 
flexible. 
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PROBLEMS OF INITIATING 
MANAGEMENT PROGRAMS 

Management programs have developed very slowly for a number of 
reasons Among these are the lack of trained personnel and the in- 
adequacy of knowledge on which to base recommendations to farm- 
ers Trained scientists seem less attracted to research directed toward 
methodology in management than to research in the more specialized 
fields, such as nutrition and the handling of semen 

Few agricultural universities in the warm climates have as yet 
developed undergraduate curriculum in Animal Husbandry m the 
context applied m universities in the north latitudes, that is as an 
identified area of specialization In most universities of the warm 
climates some courses on animal husbandry are ofFered as specialties 
in veterinary science or agronomy And many times tbe student has 
no practical experience in a livestock enterprise prior to college This 
means that the graduates frequently lack the requisites of practical 
experience to interpret technology into useful management practices 
for local farmers 

It often involves much more work to put across changes in man- 
agement practices to fanners than to put across programs such as 
artificial insemination or control of epizootic diseases These pro 
grams are generally executed directly through personnel supported 
by a governmental agency, and thus require little participation on the 
part of farmers In contrast, the farmer is essentially the “doer” in 
employing recommendations on management If he has been a pure 
agriculturist or a former urban dweller, the skills required for good 
animal management may be unfamiliar to him And even if the farmer 
has had long experience with livestock, a change in management that 
requires modification of a traditional method, such as milking a cow 
without the calf present, may be accepted slowly Low literacy levels 
and farmers’ distrust of the personnel offering advice, because of 
association with another strata of society, are additional inhibitors 
Still another factor is that attempts are made to sell management 
practices on a piecemeal basis instead of as a “package of practices ” 
Frequently a change in one aspect does not render sufficient foresee- 
able benefits to gain acceptance (Chapter 19) But a whole group of 
practices may require more capital resources than are available 

As attempts are made to mount programs directed toward pro- 
moting increased skills m management, it should be kept in mind 
that speed of acceptance will be governed by (1) the cost and risk, 
(2) the degree of complexity, (3) the time lapse before visible results 
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are evident, (4) the creditability of the persons suggesting t>‘<- <*anKC. 
(5) the form of communication employed. (G) the t.minK o the afe 
proach in relation to the farmers situation (7) the compa 
recommended practice with existing methods, and (8) the <lc ‘- rte 
participation by the farmer. (See Chapter 10 for further rhscuss.on on 

lhCS Anaddi'tional aspect of the initiation of management programs is 
assistance in training lalmr for "multi-manned enterprises Utten 
those with some experience in handling livestock use tradition, 
niques unsuited to highly productive operation s-c.R.. hobbli £ 
rear legs of a cow in a modem milking parlor. 


IMPROVED MANAGEMENT THROUGH 
INTENSIFICATION OF LABOR 

To the outsider, enterprises with very low output per unit of Hod or 
animal unit seem to be in need of more lalror. He assumes that if more 
attention were given to the stock and to other aspects of the operation, 
such as control of weeds in the grazing lands, the efficiency of the op- 
eration would be improved. This is not always the case. In some in- 
stances intensification of Iai>or will give little or no rccogniza > e 
benefit But in others it may increase returns dramatically. 

For example, in Colombia a survey revealed that losses in po- 
tential productivity in cattle herds were mainly attributable to poor 
reproductive performance (50% calving rate per annum), death losses 
from birth to weaning (15%), mortality from weaning to market age 
(5%), and losses from poor growth (30%). Since most of the losses 
seemed due to lack of close attention to the animals, several large 
haciendas were chosen for training of workers in methods of heat 
detection, treatment of minor health problems, and care in handling 
of cattle. After one year the average calving rate for these haciendas 
was raised from 40 to 65% and death losses from birth to weaning 
were reduced from a previous level of 25% to 5%. The estimated 
number of man hours per animal was increased about one-third. 
Hence a very high return was realized from increased labor and, 
particularly, from improvement in the skills of labor. Equally spec- 
tacular results were obtained through a similar program on a sheep 
enterprise with 1500 head (Pino, 1968). 

It is a well established faet that close attention to animals will 
give some returns. Increased labor intensity will almost certainly ait 
in improvement of reproductive efficiency and viability. The same 
recommendation could be applied to reduction of health problems 
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with some materials available, such as a disinfectant. Often signifi- 
cant returns are also realized from increased labor intensity in the 
management of feed supplies. The use of rotational, rather than con- 
tinuous, grazing represents an example. Still, there are situations 
where increased labor intensity will not yield acceptable benefits. 
Such is the case where animals are grazing over very large areas. 
Because of the extensiveness of these operations and distance from 
the market, the costs of operating these enterprises must be mini- 
mized, primarily by having a large number of animals per man. To 
double or triple the man hours of attention given the herd or flock 
would no doubt aid in reduction of animal losses but would not be 
warranted on an economic basis under existing marketing conditions. 

Probably the most abused concept about the benefits of increased 
labor intensity pertains to nomadic herding and small farms. The 
conventional concept is that if the enterprises expanded labor inputs, 
their returns from livestock would be materially enhanced. Careful 
study of practices employed by these people reveals serious doubts 
as to the validity of the recommendation. Both the nomadic herder 
and small farmer give close attention to females at time ofparturition. 
Although they have had no formal training in animal husbandry, they 
commonly follow tire practice of assisting in difficult parturitions, 
drying of the young to prevent chilling, seeing that the young suckle 
one or more times, treating wounds and removing ticks. These people 
are equally aware of the need for attention to their animals in other 
stages of life. But because they give primary emphasis to family needs 
for milk supplies, either for direct use or for sale, instead of rearing all 
stock bom for later use or sale, the mortality rate of young animals 
is high. If the losses of animals in the nomadic herds are largely from 
malnutrition or epizootic diseases, increased labor intensity will 
have little or no effect. The same is generally true for small farms. 

It is frequently recommended that the small farmer plant an 
additional crop to enhance feed supplies for livestock. The inference 
is that this may transpire largely through more labor inputs on the 
part of the operator and his family. Such a recommendation is not 
widely accepted for several reasons, one being that the capital invest- 
ment required for the needed seed is beyond his resources. No doubt 
of equal or greater significance is the labor requirements in relation 
to availability for harvesting the cereal grain crop prior to planting 
tire forage crop. The harvesting process for the main crop is laborious 
and time consuming, so by the time the farmer can devote time to 
land preparation and seeding, the season has advanced to the point 
where there is low probability of a successful crop. This is frequently 
the case in countries such as India. 
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managing the livestock enterprise 


Although increased labor intensity IK-r verv.il 
significant henefits, it cannot he recommended as a gcnc l prae • 
Where livestock productivity is lowest, .1 is prol.al.ly the least sig 
nificant. On the other hand, when capital investment per am * 
increased, more inputs oflabor may he mandatory otherwise nllwiH 
be lost. If, for example, a nomadic herder adds a ram of an European 
breed, such as Rambouillet or a Rambouillet-Native crossbred, to i s 
flock but does not give the new ram attention until it is adjusted to 
flock environment, the ram may be lost in a short time. Another ex- 
ample would be when a livestockman starts a tick control program 
that requires dipping of the cattle on a regular schedule. More a >or 
will be required for the dipping operation but unless the schcdu e is 
adhered to the animals may become more susceptible to the disease 
transmitted by the tick, leading eventually to higher losses instca 
of the desired results. 


AN APPROACH TO DEVELOPMENT 
OF A MANAGEMENT PROGRAM 


Figure 1 1.1 suggests a realistic approach to determining the measures 
that will enhance the efficiency of livestock production in the warm 
climates. (The ratio of energy input to milk output is the same as that 
for Figure 4.5). The available feed energy is ordinarily the primary 
limiting factor that permits other forces to become inhibitors. The 


hatched area in the lower comer of the graph shows the minimum 
amount of feed energy (Meal)— not kilograms of feed — required an- 
nually to sustain an indigenous (Z) cow with a body weight of 275- 
300 kg. This serious limitation on feed might be classed as a “sur- 
vival” type environment, meaning that under these circumstances 
small breeds of cattle would gradually reach maturity and eventually 
manage to produce sufficient offspring to just about replace them- 
selves; whereas, perhaps crossbreds and surely pure European breeds 
would not survive. In several respects this is an inefficient system as 
four to five times more feed energy are required to produce a unit of 
animal product than if the nutritional level is higher. If the level of 
energy is increased, the performance of the individual will improve 
but the inputs of energy will reach a point of diminishing returns be- 
cause of other factors aggravated by the climatic conditions or genetic 
potential. The next inhibitors of performance are usually disease and 
parasites. The extent of the effects will vary among locations but ef- 
teetive control measures are important in the efficient utilization of 
teed (Chapter 13). If measures are taken to control disease, high re- 
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Environmental variables that may influence the ratio of milk 
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McDowell, 1967, Fig 6, p. 287 Ground Level Climatology, 
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turns may be expected from increased inputs of feed energy. Because 
the feedstuffs ordinarily available in warm climates are of low quality 
during much of die year, it may often be practical to apply inputs to 
enhance both quantity and quality (e.g., improved grasses). If the ex- 
treme fluctuations in feed quality and quantity are alleviated by using 
partly stored feed supplies, this brings the animals into partial con- 
finement where provisions for some shelter and better water supplies 
would aid in efficiency of performance. These steps ought also to 
help ameliorate the direct effect of a hot climate. The area between 
the 6300 and 8600 kg lines, labeled “Feed and Mgt.," represents a 
number of additional techniques of husbandry that may be applied, 
such as zero pasture, frequent feeding (up to six times per day), and 
the use of green chopped forages along with stored forages. 

Figure 11.1 also distinctly illustrates how the level of affordable 
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inputs influences the choice of animal genotype. It would he unwise 
to choose other than a small type of animal when the energy value of 
the feed resources is equivalent to no more than 1500-2000 Meal per 
year. On the other hand, if it is possible to mobilize feed supplies 
exceeding 4000 Meal per animal annually, the small animal would 
probably not make the best use of the feed without gross genetic 
change. 

Obviously, some changes in the environment arc necessary to im- 
prove livestock production in the warm climates. The discussions in 
the following three chapters deal with some of the measures that the 
manager of a livestock enterprise may employ to minimize inefficien- 
cies In animal performance relative to reproduction, animal health, 
and resources such as feed supplies and shelters. Since few recom- 
mendations are applicable to all situations, a number of experiences 
that have proven successful in improving efficiency are used as il- 
lustrations. The decisions as to usefulness for a given situation are 
left to the discretion of the reader. 
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Management in Relation to 
Reproductive Performance 


Reproductive inefficiency is probably the largest single cause of loss 
in livestock production. Functional sterility accounts for 30-40% 
of the disposals of females from dairy herds and 50-55% of the dis- 
posals from beef herds in the U.S. (Table 12.1). If the optimum re- 
production rate for cattle is defined as the production of the first off- 
spring at 2 to 3 years of age and subsequent offspring at 12 -month or 
shorter intervals, sub-optimal performance is a worldwide problem. 
And the problem is particularly serious in the warm climate region. 

In Canada it is estimated that the national average calf crop from 
cows of breeding age is 75-85% in beef herds and 66-72% in dairy 
herds. In Denmark the conception rate for all cows in dairy herds dur- 
years ^ as consistently exceeded 90%, with an average of 
1.68 inseminations per conception. Dairy herds in Britain, West Ger- 
many, and New Zealand report 93, 87, and 86% annual conception 
-^ S ? eC ! iVe i y - The avera 8 e calf crop (proportion of calves alive 
at bnth) tor beef herds in the southern U.S. is estimated at between 
65 and 70%, with dairy herds averaging about 85%. 

in warm climates of low rainfall, calf crops of 45-55% are average 
ove average. Calving at 18-month intervals or longer is the rule. 
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TABLE 12 1 

Major reasons for disposals of females in control rctal and ixjh rnliuilal 
bcif and dairy hi rds m the southern United States 



% tn tlatry herd? 

% tn 

beef herds 

Cattsi 

Comm 

Exp 

Comm 

Exp 

Sterility 

Nonbreeder 

24 

35 

48 

44 

Abortion 

5 

4 

8 

6 

Physical injury 

3 

5 

7 

5 

MlstltiS 

15 

14 

3 

3 

Death 

5 

6 

8 

7 

Poor performance 

17 

11 

8 

10 

Other 

32 

25 

18 

25 


Calf crops of 40-50% are common in the tropical and subtropical por- 
tions of Australia Frequently in Latin America annual calf crops in 
beef herds are 30-50%, with well managed herds ranging up to 75- 
80% if the bulls remain in the herd during the entire year The annual 
calving rate for Central Africa has been estimated at 30-40% although 
some herds, particularly at government stations, report calving rates 
well above 70% 

From these data it can be concluded that the average annual calv- 
ing rate for most of the world is lower than desired for optimum effi- 
ciency However, there are definite possibilities for improvement 
through enlightened management and disease control The livestock 
manager has two basic alternatives for improving reproductive per- 
formance m his herd manipulating the breeding system for genetic 
change, or reducing the impact of environmental influences 


MEASURES OF REPRODUCTIVE 
EFFICIENCY 

Reproduction efficiency as applied to herd or flock management has 
no specific definition Normally it is measured as a deviation from 
some standard created by man for Ins livestock using time as the 
bench mark When females do not conform or fall short of die estab- 
lished expectancy, they are removed from the herd or flock On this 
basis a more appropriate expression would be "reproductive ineffi- 
ciency " For cattle, some of the standard measures of reproductive 
function are (1) services per conception, (2) length of service period, 
(3) days open, (4) calving interval. (5) non-return rate, and as indicated 
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above (6) calving rate or calf crop. Even though all of these measures 
indicate reproductive performance, two or more are usually ' rcqmre 
to identify causes of slippage from the predetermined standard. 

The ideal number of services per concepHon would be I P 
pregnancy. Well managed herds have an average of 1.3-1. 6 services 
per conception, because of inappropriate time of breeding 
causes, while the majority of poorly managed herds have an aveniRC 

of 2 or more services per conception. In the latter, managerial practices 

should be examined, taking into consideration the factors discussc 
in Chapters 12-14. p . 

Length of service period is defined as the time span from msi 
breeding until conception (date of conception minus date ot nrsi 
breeding). Long periods-excccding 30 days-point up problems ot 
too many services, inadequate detection of estrus, possible utenne 
infections, or embryonic mortality. Service period is easily determine 
when AI service or "marker males” (usually vascctomised male or 
intact male with harness carrying material for marking female when 
mounted) are used, but it is difficult to obtain with any degree o 


accuracy otherwise. 

Days open is a term employed to describe the period from parturi- 
tion to conception (date of conception minus date of previous parturi- 
tion). Although this measure does not identify cause(s), it provides a 
means of evaluating the economic consequences of reproductive 
inefficiency. For instance, in well managed beef herds it is accepted 
practice to cull cows when they are found not pregnant at the end of 
the breeding season because they have exceeded the tolerance oi 
150-160 days open. This practice is based on the owner’s experience 
that it is not profitable to hold females over for more than a year with- 
out return. In U.S. dairy herds a cow not pregnant by 200 days after 
parturition has less than a 50% chance of being held for a subsequent 
lactation even though she may conceive before lactation ceases or 
within 10 months after calving. This is because it has been found that 
cows open 80-116 days after calving will show a decreased return of 
§0.50 for each day open during that period, compared to cows settled 
on or before 85 days. The decrease in return will rise to $0.78 per day 
if conception was delayed for 117 days or longer after parturition 
(Speicher and Meadows, 1967). 

In many respects calving interval is the measure of most interest 
to the livestockman since it has a marked effect on consistency of herd 
or flock yields, decisions on culling, number of herd replacements, 
planning of feed supplies, and determination of labor needs. It has 
Uie advantage of being easily determined but a disadvantage is that it 
does not identify deficiencies in management except in a gross fash- 
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TABLE 12 2 

Influence of calving interval and length of productive herd life on number 
of lactations completed and estimated total income overfeed cost per cow 


Herd life " 
(years) 


Calving interval (days) 



385 

400 

430 

450 

480 

520 

NUMBER OF LACTATIONS COMPLETED PER COW 

25 

24 

23 

2 1 

20 

1.9 

1.8 

30 

28 

27 

25 

24 

23 

2 1 

35 

33 

32 

30 

28 

27 

24 

40 

38 

37 

34 

32 

30 

28 

45 

43 

4 1 

38 

36 

34 

32 

TOTAL INCOME OVER FEED COSTS PER COW ($US)'' 

25 

592 

570 

530 

500 

475 

450 

30 

7L1 

684 

637 

637 

570 

525 

35 

830 

800 

743 

743 

666 

600 

40 

948 

913 

850 

850 

760 

700 

45 

1075 

1028 

955 

955 

855 

800 


■Time from first calving until animal leaves the herd 

•The average yield per lactation of 3632 kg would give a $250 return over feed cost which does not include 
cost of dry cow maintenance 


ion. Nevertheless animal husbandry technicians can use it effectively 
in demonstrating the economic consequences of long calving intervals. 

The value of recording calving intervals is demonstrated by the 
following examples: In Table 12.2 are illustrated the variations in 
expected number of lactations completed by cows in their life time if 
calving interval varied from 385 to 520 days. If a cow remained in the 
herd 3.0 years and had an average calving interval of 385 days, she 
would be expected to complete slightly over 2.8 lactations, but only 
2.4 lactations when calving interval was 450 days. The values in the 
lower portion of the table portray the influence of length of herd life 
and calving interval on life time returns over feed costs. These values 
do not allow for feed costs during the dry period, however. If a cow 
completed 2.84 lactations of 280 days duration in 3 years, her total 
returns over feed costs would be $711.00, based on $250.00 per lacta- 
tion. Her total number of days dry would be 261. When these are 
charged at $0.50 per day, the net return over feed costs would be 
$581.00 instead of $711.00. On the other hand, a cow completing only 
2 4 lactations in 3.0 years would have about 400 dry days. This would 
make her net return over feed costs only about $400.00, or approxi- 
mately 30% less than if she had calved at intervals of 385 days. If the 
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purchase or rearing costs of the latter cow were $ 4 ° 0.°0 a!l eh^esfor 
labor and capital investments would have to he realize 

SaW An(rther t example of the maRnitt.de of the impact of calvi.jR in- 
terval on farm returns comes from experiences in I uerto Rico. • 
Costas and Vicente-Chandler (1969) estimated, from experiment , 
that the cost per year for keeping a dairy cow on a farm using an all- 
pasture feeding program would lie $300.00. Since there was no fecit 
purchased, the overhead cost per cow was essentially the same 
whether she was dry or lactating. When the all-pasture program was 
put into practice on farms, the returns per year for a herd ot 1- 
lactating aRe cows were only $6,450.00. This was 91% lower than ie 
expected returns of over $12,000.00, mainly because the average ca s 
ing interval actually occurring on the farms was 430 days instca o 
380 days, as in the experiments (Table 12.3). The very low returns on 


TABLE 12.3 . . 

Estimated returns from 50 hectare dairy operation in hill region of Puerto lUco uith 
all-crass crazing procram, average herd life of -I years, and 
average calving intervals of 3H0 or 430 days * 



Calling interval (days) 

If cm 

350 

430 

Number of lactations complctcd/cow 

3 8 

34 

Number of calves produced for sale 

3 


COSTS FOR HERD LIFE OF COW (US) 

Direct cost/cow for lifetime ($300/yr)* 

1200 00 

1200 00 

Purchase pnce/cow 

500 00 

500 00 

Total costs/cow for herd life of 4 years 

1700 00 

1700 00 

RETURNS ($US) 

Sale of calves @ $25 00 


7500 

Salvage value/cow c 


180 00 

Sale of milk (2713 kg/lactation. $0 18/kg) 

1856 00 

1RGOOO 

Total retums/cow for lifetime 


191500 

Net retum/cow 4 


215 00 

Retum/cow/yr 


53 75 

Net return for 120 cow herd/yr 

12,330 00 

6,450 00 


• Entire farm ii devoted to lactating herd at 
re conitant for dry and lactating cow 
Prorated cost, for labor, fertilizer, veterr 
acditie, and carte, and depreciation 
'Average sale value of culled cow, for me 
Net retum/cow = average total return, p. 


w, per hectare, therefore, costs for labor, feed, 1 
are. A1 rrrvice. transportation, taxes, insurance 


for lifetime minus total costs per cow 


nd interest* 


for herd life of d years 
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the high investment was not effective on forms because of the failure 
on the part of formers to be as conscious of breeding efficiency as the 
experiment station 

Non-return rate is generally expressed as the proportion of fe- 
males that have not shown repeat estrus within a certain time span 
after being serviced— usually 60 or 90 days It is most widely used by 
AI organizations to estimate breeding efficiency among the sires m 
service and to keep track of the quality of work among msemmators 
Non-return rate serves the same purposes for the farmer 

Calving rate or calf crop is more frequently used in semi-intensive 
or extensive operations than in dairy herds The normal procedure is 
to identify the number of females that have produced one or more 
offspring within a year’s time This measure, too, is closely related to 
expected economic returns as well as to decisions on culling and herd 
replacements 

The dairy enterprise that has invested in building and equipment 
should give primary consideration to keeping a complete record of 
reproduction on each female, including the factors listed as well as 
reproductive disorders and condition of offspring If tins is not pos- 
sible, an alternative would be to record all dates of parturition, estrus, 
and breedings From either set of records levels of efficiency and the 
most likely causes of poor reproduction could be identified In ex 
tensive operations, with no controlled season of breeding, annual 
counts of calves and check of reproductive tracts are desirable The 
second choice in these herds would be cow identification with annual 
record of evidence of calving 

The main concern in the following sections will be with identifi- 
cation of causes of reproductive inefficiency and means of improve- 
ment in rebreeding within a reasonable period, rather than problems 
of complete sterility, since all but about 5% of females will eventually 
conceive 

CAUSES OF REPRODUCTIVE 
INEFFICIENCY 

Reproduction rate and/or fertility of livestock are complex phenom- 
ena Consequently, reproductive efficiency must be viewed as a 
phenotypic expression of the inteiplay of genetic and environmental 
factors Genetic factors include both single gene and polygenic 
effects as well as effects due to breed and system of breeding, such as 
crossbreeding and inbreeding Environmental factors consist of 
management (detection of estrus, number of males per 100 females. 
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nursins of young, movement of animals, and age of animals), nutrition 
(energy, protein minerals and vitamins, and feed additives) diseases 
and parasites (genital diseases, somatic diseases, repeat breedmg; 
anestrus, other endocrine disturbances, and internal and externa 
parasites), and season of the year. In addition there are genetic- 
environmental interaction effects on reproductive efficiency. 


Genetic Influences 

Anatomical and Physiological Defects 

As pointed out in the discussion on breeding, it is generally ac- 
cepted among animal geneticists that the heritability of reproductive 
efficiency is rather low. Among temperate zone cattle the heritability 
for nonreturn rate ranges from —4% to +8%; services per conception 
—15% to +8%; first service to conception +1% to 9%; and calving 
interval 0 to 10% (Foote, 1970). These statistics suggest that any 
progress by selection will be slow. Nevertheless, there are at least 
14 reproductive anomalies, mostly of a morphological nature, which 
have been identified as having a genetic basis. Most of them have 
been interpreted as being controlled by a single pair of alleles 
(Tanabe and Almquist, 1967). These anomalies include (1) hypoplasia 
of the genital ducts or gonads, (2) intersexuality or sexual imperfec- 
tion (freemartin), (3) defective gamete formation — e.g., abnormal 
sperm, (4) embryo anomalies, (5) lethals resulting in nonreproducing 
offspring, and (6) other functional defects — e.g., lack of libido, silent 
or weak estrus, or cystic ovaries. 

Gonadal hypoplasia (under-developed sex organs) has been ob- 
served occasionally in males of most breeds of farm livestock. It be- 
came a very acute problem in Swedish Highland cattle at one time, 
with up to 30% males affected. Nearly a century ago “white heifer 
disease —a hypoplasia confined to the uterus, cervix, and anterior 
vagina— was noted in Shorthorn heifers. A similar condition has been 
observed more recently among Nguni (Shorthomed Zebu) in South 
Africa. Infertility (about 20%) in homed male goats in Germany has 
been attributed to testicular lesions, a form of hypoplasia. These are 
only a few examples, varying degrees of hypoplasia occur in all 
species, with females more frequently affected than males. 

Numerous studies with bulls have revealed various morpho- 
logical abnormalities in sperm, which appear heritable (Foote, 1970). 

may )e that oocytes stored in the ovary of the female have similar 
delects, but because female gametes are very difficult to obtain, few 
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facts are known The period of early embryonic development is a 
common stage for reproductive failure, but the extent to which 
heredity is involved is unclear 

As pointed out in Chapter 9, there are numerous lethals that occur 
with varying frequencies in different species of livestock When these 
occut in the homozygote state, as in dwarfism, the general fitness of 
the animal is impaired, which in turn reduces reproductive efficiency 
The effect of lethals is largely indirect as they do not normally act 
directly on the reproductive system (Nat’l Acad Sci , 1968) 

There is some evidence that frequency of stillbirths is influ- 
enced by heredity, the percentage of stillborn calves may be as high 
as 16% in some breeds and near zero in others in nearly similar 
environments But the findings are blurred somewhat by the different 
definitions of stillbirth Some researchers have used the number of 
foetuses obviously dead before the onset of parturition, whereas 
others have included in their data all young that did not live for 
several hours or 1-3 days 

Dystocia (difficult parturition) may also have a marked influence 
on the number of calves born dead In severe cases, both the dam and 
offspring may die or there may be subsequent sterility due to traumati- 
zation of the reproductive tract or infection In a crossbreeding pro- 
gram in Britain, Friesian, Ayrshire, and Hereford cows had a much 
higher incidence of dystocia when bied to Charolais bulls than when 
bred to sires of their own breeds In the U S , purebred Brown Swiss 
had twice the frequency of dystocia as pure Ayrshires and Holstems 
When Brown Swiss sires were mated to Ayrshire and Holstein cows 
there were 5% fewer calves born alive than when Brown Swiss sires 
were not used (McDowell and McDaniel, 1968) It is well recognized 
that there is also an effect of parity on the frequency of dystocia In 
well managed herds of European breeds the incidence is about 20% 
at first parity but decreases to about 5% m later panties If heifers 
are grossly undersize at first parturition the incidence may well 
exceed 50% This is the mam reason for the widely accepted practice 
of breeding for first parturition to males of smaller breeds than those 
of the females Estimates from field surveys in Venezuela, Costa Rica, 
Puerto Rico, Chile, and Mexico have shown that over 70% of the dairy 
heifers, largely of high-grade European breeding, are bred to Zebu 
or Criollo bulls for first pregnancy to minimize problems of difficult 
cah ing 

There is some evidence that the frequency of nymphomania, 
tendency for cystic ovanes, retained placenta, intensity of expression 
of estrus, and time of estrus after conception are genetically inherited 
Casida and Chapman (1951) gave an estimated hentability of occur- 
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rence of cystic ovaries in one herd of Holsteins as 43%, although most 
estimates range from 5 to 15%. Even though esBmates of mhen^ce 
for cystic ovaries, nymphomania, etc. may be fairly high on smalt 
samples, it appears that the occurrence of these conditions l 
related to individual sires or families than to cattle populations as 

whole (Lagerlof, 1962). . v 

In some breeds of cattle, such as the Santa Gertrudis, males m y 
have an extra large sheath, resulting in prolapse of the prepuce tha 
impairs natural breeding. Although circumcision can overcome tn 
condition, bulls showing large sheaths should be avoided in Uus 
breed, if they are to run on pastures covered with brush or tall, coarse 
grasses. Furthermore, it has been observed that bulls with large 
pendulous sheaths frequently have poor libido, are sluggish in serv- 
ing, and tend to produce low quality semen. 

The recorded evidence for anatomical defects of the reproductive 
system stems largely from studies of temperate zone cattle, but it 
seems reasonable to suspect similar frequency among stocks indige- 
nous to warm climates. Managers must be on the lookout for anomalies 
that may impair reproductive efficiency. Of course, those which create 
permanent or even temporary sterility are under continuous natura 
selection. The more severe the depression, the more intensive is the 
natural selection. To enhance the natural forces, managers should 
practice as much selection as their enterprises will permit against 
males and females that show evidence of anatomical or physiological 
defects. 


Breed % and Breeding 

Among European breeds of cattle used for dairying differences in 
reproductive efficiency are unimportant but breeds used for beef 
production have consistently shown poor breeding efficiency, i r * 
respective of the environmental conditions, while others have high 
fertility. The Africander of South Africa, the Brahman of the U-S-. 
and possibly the Santa Gertrudis and Shorthorn, have consistently 
been less efficient in reproduction than other cattle breeds main- 
tained in the same environments. A study of six beef breeds in the 
southern U.S. showed that Angus and Hereford cows gave birth to 
and weaned higher percentages of calves than Brahman, Brangus, 
Santa Gertrudis, and Shorthorn cows. Brangus and Santa Gertrudis 
were similar in reproductive efficiency and both were higher than 
Shorthorns. A higher percentage of the Brangus and Santa Gertrudis 
cows were removed from the herds for reproductive causes than were 
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TABLE 12 ‘I 

Annual calv ing percentages for various breeds and crosses tn three subtropical areas 


Breed 

Calving percentage 

Location 

Angus 

83 

Florida 

Hereford 

81 

Florida 

Brahman 

69 

Florida 

European x Brahm in 

71 

Florid 1 

Sant i Gertrudis 

68 

Florid 1 

Europe in 

65 

Queensl uid 

Europe in X Brahmin Ft 

72 

Queensl md 

European x Brihman F 3 

50 

Queensland 

European x N itive 

59 

Rhodesi 1 

Native 

62 

Rhodesia 


cows of the other breeds Also, a larger percentage of wet than dry 
cows were removed for reproductive causes in Brangus and Santa 
Gertrudis groups, while in the Angus, Brahman, Hereford, and Short 
horn breeds, a larger percentage of dry cows were removed And the 
Brangus and Santa Gertrudis had a greater tendency than the other 
breeds toward alternate year calving (Temple, 1966) 

In South West Africa, the fertility (expressed as calving percent- 
age per year) of eleven breeds varied from 76% for Red Polls to 89% 
for Brown Swiss The two best breeds, based on the yield of meat per 
cow bred, were Simmental and Brown Swiss, followed closely by 
Hereford (Vorster, 1964) Table 12 4 illustrates tile variation among 
breeds in annual calving percentages in three subtropical areas 

Several breeds have a reputation for high fertility m the tropics 
Heifers of the Quasar, a breed evolved in Queensland, Australia, can 
be bred to calve as early as 25 months, with subsequent annual calv- 
ing percentages of 90-95% The Boran of Kenya has consistently 
maintained calving percentages of 85-95% The Mangum of Rho- 
desia is another breed that has an average calving rate of 85% The 
Romosinuano and San Martinero breeds of Colombia also have calv- 
ing rates of 80% or better 

If calving interval is used as an expression of breeding efficiency, 
the Blanco Orejinegro cattle of Colombia and the Harro cattle of Ethi- 
opia appear to be excellent, averaging less than 400 days By contrast, 
most Zebu breeds in India have intervals well over 400 days (Chap 
ter 8) Based on these observations, it appears that several of the in- 
digenous breeds of Colombia and Africa have better reproductive 
efficiency than Zebu stocks from India, Zebu type cattle in most of 
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Latin America and Brahman cattle of the U.S. It is also evident that 
reproductive efficiency can be kept high if it is given close attention 
in the development of new strains. However, it must be cau 
that since breeding efficiency is markedly influenced by environmen 
tal factors, managers should be wary of transferring experiences cl 
rectly from one location to another or in comparing one breed to an- 
other on one trait. Both the Blanco Orejinegro and Harro have ver> 
short lactations -100- 170 days -as compared to 250 days or more tor 
most other breeds, thus their poor milk yields may not offset their 
more rapid breeding. Furthermore, the time span of the recordings 
should be examined since there is considerable yearly variation m 
calving percentage. In beef operations, a high calving percentage one 
year is often followed by a low calf crop the following year, irrespec- 
tive of breed. Frequently less than 50% of the cows will calve in con- 
secutive years in the tropics, especially where there is a distinct 
dry season. 

As indicated in the chapters on breeding, there are apparently 
inherent differences in breeds in the age of puberty or sexual maturity. 
For example, in Louisiana, Brahman females seldom will show’ heats 
until 2 years of age with first calving at about 3 years of age, whereas 
Angus can be bred for calving at 2 years of age (Turner and Farthing, 
1967). Late puberty generally constitutes a disadvantage in overall 
herd reproductive efficiency. But where feed supplies are poor or the 
heifers are not separated from adult cows and males, it may prove an 
advantage up to a point. In dairy operations late maturity is generally 
undesirable; consequently the breeder should avoid selection of 
sires from families with consistently late calvers. 

It was also pointed out in Chapter 10 that crossbreeding may b e 
used to enhance reproductive efficiency in all species. The data in 
Table 12.5 further illustrate that crossbred cows will wean 10% ° r 
even more calves than purebreds. Donald and Russell (1968) and 


TABLE 12 5 

Caking and viability of calves (in percent ) from purebreds and crossbreds 
among Angus, Herefords, and Shorthorns 



Coat 

Caties alive 

Calces 

Breed group 

catting 

at 36 hours 

tveaned 

Purebreds 

85 

79 

76 

Two-breed crosses 

93 

90 

89 

Three-breed crosses 

89 


84 

Backcrosses 

93 

RR 

87 


Adapted ! 
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McDowell et al (1970) also showed 10-15% advantage for crossbred 
dairy cattle over pure breeds in breeding efficiency A number of 
studies indicate that equally effective results can be obtained from 
crossbreeding in the tropics 

r 

Environmental Influences 
Nutrition 

The level of feeding at various stages of the reproductive cycle 
seems to have an important influence on reproductive performance, 
although the nature of this influence is not yet understood In fact, 
level of feeding and fluctuations in feed supplies probably account 
for the largest variations in reproductive efficiency among herds and 
even among individuals in the same herd of cattle or flock of sheep 
Low levels of protein and energy may lengthen the interval 
between parturition and estrus or ovulation (Wiltbanh et al , 1965), 
but it is not known if level of protein has an independent effect 
Usually when protein levels are low, the total intake of energy is low 
too In Louisiana, only 23% of cows of beef breeds were pregnant by 
the forty-third day of breeding on low protein grass pastures m con 
trast to 69% on good quality pastures In another study in Louisiana 
(Hall et al , 1959) post-conception estrus among cows on poor nu- 
trition, including low protein, was 14%, in contrast to only 6% among 
cows on good nutrition 

Poor nutrition during early life greatly retards the onset of 
puberty in cattle, sheep and buffaloes, but appears to have little 
effect on swine Underfeeding will delay puberty in both male and 
female sheep and cattle until they reach a minimum fraction of mature 
size Therefore, whether cattle and sheep are on high or low nutri 
tion, they will be nearly similar in size at puberty This is not true for 
swme, however Boars or gilts reared on high levels of feeding are 
much larger at the time of puberty than similar animals fed at a low 
le\ el 

Level of feeding of the heifer or cow will influence the size of 
offspring, but in proportion to the dam’s weight, the calves from low- 
fed females are larger than those from high fed females The same 
holds for young and old ewes 

High feeding can also be detrimental to reproductive efficiency 
of females According to Reid et al , (1964), heifers reared on a high 
plane of nutrition encounter more breeding problems later m life 
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than heifers fed at medium or low levels. Heavy | ££ 

after mid-gestation causes serious embryonic mortali y. rccom . 

evidence, it appears that medium level of feeding ef . 

mended over either high or low feeding for best reproducti 
ficiency, especially up to the time of first parturition. ]ess 

It has also been observed that females will not con . 

they are in a gaining state. Research with cattle and slit eep in Britain 
and Australia showed that females losing weight had low freq 
of estrus and near zero conception, those fed at maintenan 
had fair conception rates, but those gaining weight hod expect 
quencies of estrus and high conception rates. Evaluations ot t> pica 
feeding schedules for dairy herds in Puerto Rico and Venezuela 
vealed that insufficient energy the first 3 months of lactation was P r ° 
ably the primary reason for delay in the onset of estrus. Repea > re 
ing was also a problem in these herds, but the cause —whether mine 
deficiency, improper time of breeding, or improper semen hand mg 


was not identified. . 

It has often been observed in the warm climates that high gra 
European type cattle or their crosses with native cattle have grea er 
“lactation drive” than pure native types. As a result they are likely 0 
lose more weight than native types early in lactation. Hence “ n 
feeding will affect their reproductive rates more strongly than it wi 


affect the rates of most indigenous stocks. 

It would seem reasonable to assume that if nutritive requiremen s 
are met for growth, good health, and lactation they will also be ade 
quate for reproduction. But this is not always true. Reproduction 
rates are frequently low in high producing cows, irrespective of bree , 
due to limitations on feed intake and, possibly, imbalances in the ra- 
tion. Evaluation of feeding regimes for several dairy herds in the U- 
revealed that high producing cows in early lactation had dietary de- 
ficiencies of both energy and phosphorus. Although the energy l eve 
contributed to problems of repeat breeding, circumstantial evidence 
indicated that inadequate intake of phosphorus at about the time 
breeding was expected to commence was responsible for poor ferti - 
ity (Morrow, 1970). 

It has also been observed that high yielding cows continue sub- 
normal levels of gonadotrophins for a longer period than low yielders 
which is probably an indirect effect of lower energy than needed. 
Cows milked more frequently than twice per day, those suckling 
calves or cows with anemia have low levels of gonadotrophin too- 
Other mineral and vitamin deficiencies may on occasion interfere 
with reproductive performance (see Chapters 6 and 14). 
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In Southern Rhodesia, supplementary feeding of cows in beef 
herds, m conjunction with early weaning of calves, has proved promis- 
ing When cows were fed a small amount of high protein supplement 
during the dry season before parturition and up to 1 month after calv- 
ing, and calves were weaned at 2-3 months of age, conception rates 
were 93-100%, as compared to near zero for cows without supple- 
ment and early weaning Without early weaning, cows fed supple- 
ment had a 42% conception rate (Rose et al , 1964) 

The possibility of dairy heifers calving well under two years of 
age has been evaluated in Israel (Amir et al , 1967) Friesian heifers 
fed on high energy rations had their first estrus at about 177 days of 
age, at an average weight of 225 kg They required 3 services for con- 
ception, nevertheless, they calved from 13 5 to 17 5 months of age 
and yielded over 2700 kg of milk in first lactation Such practices, 
while not generally feasible, further illustrate the role of nutrition on 
age of puberty and reproductive performance 

Feeding level does not affect the fertilization rate in sheep or 
swine In both species, a high plane of nutrition for 3 or more weeks 
prior to mating favors a high rate of ovulation This has led to the 
practice of flushing (high feeding for 2 to 4 weeks) of ewes prior to 
breeding However, flushing does not increase twinning or embryo 
survival Flushing of swine will tend to bring about an increase in 
litter size, but only if high feed intake does not continue into gesta- 
tion, if it does, embryo mortality will be high The flushing effect is 
more pronounced in gilts than m sows A low plane of nutrition in 
both ewes and sows after mating is conducive to a high rate of embry- 
onic mortality 

Overfattening of females has caused low fertility in beef cattle, 
sheep, and swine, but has not proven a serious problem m dairy cat- 
tle If the females have been overfat from an early age, an underdevel- 
oped reproductive tract may result The ovaries may be undersized 
and the estrus cycles irregular or absent 

Figure 12 1 portrays the importance of modulation of the environ- 
mental fluctuations on the reproductive performance of cows in the 
warm climates Under the traditional system of feeding by grazing 
alone, a cow produces about 2 calves by the time she reaches 5% 
years of age, but if the vacillations in body weight are reduced with 
supplementary feeding, the females breed earlier and are more con- 
sistent breeders The broken line m the graph shows that if cows are 
given supplementary feeding in the form of improved pastures before 
breeding and during the nursing period they will produce up to 4 
calv es bv the time they reach 6 years of age 
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FICURE 12 1 

Growth patterns and reproductive performance of cows on on- 
improved versus improved tropical pastures with 7-8 month wet 
seasons (From McDowell. 1966) 

Season 

In the warm climates, the indirect effects on conception rate of 
rainfall distribution— through its effects on feed supply— are prob- 
ably more important than the direct effects of high temperature. The 
high temperatures do, however, influence the frequency of estrus, as 
well as its intensity and duration, time of ovulation, and perhaps 
ertilization (see Chapter 4). Other measures, such as sheltering fe' 
heat during the hotter part of the day or from the night 
C <c • sem ** ar *d areas has proven effective in improving breeding 
efficiency. Brahman females sheltered during the winter months in 
ori a and Louisiana tended to show less post-winter anestrus. 
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Considerable progress has been made in increasing the prolificacy 
of sheep by modifying seasonal breeding activity It has been demon- 
strated that with a system of early weaning and rearing of lambs sep- 
arate from ewes, lamb crops can be produced every 7-8 months in- 
stead of 12-18 months This procedure is probably unfeasible for 
large flocks on range grazing, but for smaller flocks it appears promis- 
ing Rolhnson et al (1969) concluded from studies in Iraq with Awassi 
sheep that limiting the use of rams to insure a concise lambing season 
is probably the most important single factor m improving sheep pro- 
duction in many countries 

The average duration of estrus for ewes is about 27 hours There 
is some evidence that it is shorter m hot areas— possibly as short as 
16 hours The average estrus cycle in temperate areas is 16-17 days 
and there is little indication that the cycle is significantly different in 
tropical areas 

Numerous studies have shown that the water buffalo has a strong 
tendency for seasonal breeding m India, but recent evidence indi- 
cates that the seasonal effect is a quiescent stage for males and fe- 
males rather than anestrus or lack of spermatogenesis (See Chap- 
ter 16) 

There are seasonal variations in sexual expression of both male 
and female goats The volume and motility of semen are good during 
summer and fall but poor in winter Female goats are seasonably 
polyestrous m temperate areas Heat periods generally commence 
during late summer and autumn, but in the tropics females can breed 
almost any time of the year Even so, a shortening of the hours of day- 
light stimulates the onset of estrus and a lengthening retards it Al- 
though there is a tendency for seasonal breeding in goats in all re- 
gions, their breeding is less restricted than that of sheep 

Most of the studies on length of estrous cycles in cattle indicate 
that seasonal fluctuations do not cause cattle to deviate very much 
from 90% or more of the intervals falling between 14 and 22 days 
For example, near Maracay, Venezuela, where the mean annual tem- 
perature is 25°C (average maximum 31°C and minimum 19°C), and 
there is a dry season of 6 months, the distribution of estrous cycles for 
Holsteins did not differ appreciably from the distribution in the tem- 
perate zone The percentages by interval were as follows 


Interval (days) 

Observed estrus (%) 

<17 

13 

17-24 

76 8 

25-36 

15 4 

37-46 

25 

>46 

38 
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Observation for estrus was made three 

A.M., and 6:00 P.M. Others, such as Plasse cl at. (MO ), . • P 
important seasonal influences on length of estms cycles^T e e H ^ 
ida researchers reported that Brahman heifeis averaged -9 . 
the longest cycles occurring during the winter season, 
among die reports may arise from differences in the faW 
observation of estms or from the indirect effects of dimate S . 
changes in nutrition -rather than from the direct effects o 
cool season. 


Postpartum Estrus 

The average interval from parturition to first observed estrus is 
35-45 days during first lactation and 50-75 days during lo^er ac 
tions in U.S. dairy herds. This is not the usual case for warm climate 
due to some of the factors already enumerated, such as underfee ,n . 
but other factors may be involved. In a Holstein herd in the lo\s an 
tropics of Venezuela, 69% of the cows had at least one estrus jy 0 
days postpartum but only 12% of the cows showed evidence of estms 
between 70 and 120 days. This pattern of behavior was attribute 
level of feeding since the cows did not begin to gain in body weig 
until 100 days or more in lactation. After the problems of poor feeding 
had been rectified, the incidence of estrus and the intensity' of ex 
pression of estrus were still much less than desired. The causes were 
unidentified; but delayed involution of the reproductive tract as a 
direct effect of environmental stresses and abnormal levels of P ro * 
gesterone were suspected. 

According to the findings of Trimberger and Fincher (1956), t e 
variability in length of time until first postpartum estrus may be more 
a matter of expression than actual delay. Their examinations reveale 
that 82% of 200 Holstein cows were in estrus by the sixteenth da> 
postpartum but only 71% showed signs of estrus. This may be t e 
case in the tropics. The studies of buffaloes in India lend support to 
the hypothesis of quiescence. However, much more research is 
needed on this point. 

For Zebu type cattle the interval from parturition to first estrus is 
longer— up to 100 days— than that reported for Criollo cattle in Latin 
America and some breeds of Africa (40-80 days), even when all were 
milked without the calf present. Since Zebu cattle ordinarily do not 
show strong expression of estrus, as judged by mounts, etc., estrus is 
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difficult to detect m these cattle Plasse et al (1970) reported that the 
incidence of quiet ovulation in Brahman heifers was 26% of all ovula- 
tions and the incidence was higher m summer than m winter for herds 
in Florida 

Conception rates are especially low for breedings at less than 30 
days postpartum (<5%) The rate of conception from 21 to 40 days is 
around 50%, 41-60 days, 54% and over 61 days, 75% Thus at least a 
50-day postpartum interval is recommended before first breeding 
There is evidence from Britain that very early mating may actually 
delay ultimate conception (Dawson, 1967) So unless estrus is delayed 
more than 60 days postpartum, breeding efficiency may not be seri- 
ously impaired Still, it is desirable to have evidence of normal cy- 
cling, as expressed by estrus, one or more times before the expected 
time of breeding Early cycling indicates normal involution of the 
reproductive tract and little problem of infection or disease 

Long periods of anestrus occur in some herds due to several 
causes, such as dystocia resulting in uterine damage, followed by 
metritis Anestrus is more frequent after first than subsequent calv- 
ings Suckling also seems to delay onset of estrus The work of Wilt- 
bank and Cook (1958) showed that Milking Shorthorn cows suckling 
calves averaged 152 days from calving to conception, versus 94 days 
for milked cows Many other reports associate lower conception rates 
and long calving intervals with the stress of lactation and calf weaning 
practices 

Researchers in Rhodesia and Zambia have attempted to stimulate 
sexual activity in Africander and indigenous cattle, either through 
early weaning of the calf or by use of a vasectomised bull with the cow 
herd before weaning (Symington and Hale, 1967) Both methods in- 
creased conception rate slightly The presence of the vasectomised 
bull apparently stimulated ovulation in some cows and ovulation plus 
estrus in others 

The duration of estrus in cattle is often shorter in warm climates 
than in temperate climates In Florida the average duration for Brah- 
man females was 6 7 hours, with about 66% between 2 and 8 hours 
duration The majority of the estrous periods commenced during day- 
light hours but the number of ovulations was greatest during the 
hours of darkness The average time of ovulation was 26 hours after 
the beginning and 19 hours after the end of estrus (Plasse et al , 1970) 
Dairy cows and heifers in Louisiana averaged 11 9 hours, with heifers 
having longer periods than cows, ovulation occurred 12 4 hours after 
the end of estrus Under these conditions, it was found that optimum 
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time for insemination was 7-12 hours after the onset of 

ars===sr-«==Kay 

s.r^sss^'su- A=ts; at 

area of Mexico estrus duration averaged m hours (ra g jp 

dairy cows that subsequently conce.ved and 10.3 hour l ^ 
cows that did not conceive. Insemination — — hour i af ^ East 

suited in 33% conception (Cuevas and Hagen, 1966) ' , , fc . 

African cattle herds estrus lasted only 2.5 hours, even though the 
males were attractive to bulls for 26 hours (Roll.nson, 963 > . of 
In temperate areas, the average duration of standing es 
cows is 16-20 hours (range 2-28 hours) hut somewhat less in belter, 
12-18 hours. Best conception rates have been obtained from 
ing not less than 6 and not more than 24 hours before ovulation, 
though opinions differ on the duration of estrus and the bes • 
breeding in warm climates, as contrasted to temperate areas, 1 1S 
tively clear that conception rates could be improved by insemm 
at an earlier stage following the observation of estrus than is the p 
tice in temperate areas. 


Disease 

Almost any infectious agent that has a detectable effect on the 
animal may interfere to some degree with the reproductive cycle, 
cattle, this varies from infections of the reproductive tract to nutn 
tional disorders, such as diarrhea, or direct effects of pathogenic con * 
tions, such as foot rot. Heavy infestations of internal parasites may e 
lay or prevent onset of estrus, as may aftosa, anaplasmosis, and other 
diseases. 

Diseases of the reproductive tract frequently reduce fertility « r 
create temporary and even permanent sterility. The most common are 
brucellosis, vibrosis, trichomoniasis, and leptospirosis. Of these, 
brucellosis is most prevalent and damaging, inasmuch as abortion 
rates may be high in an infected herd. The other diseases can also 
cause abortion or reduce fertility. Strict control and testing programs 
are the only means of decreasing reproductive diseases. Some, sue 
as brucellosis, can be controlled by vaccinations. There are also vac 
cines against leptospirosis, but their effectiveness remains subject to 
conjecture. Trichomoniasis and vibrosis usually respond to anti- 
biotics, but seriously affected animals should be removed. 
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Other Factors 

Cystic follicles— commonly referred to as cystic ovaries— are 
rarely encountered in sheep, but are fairly common in cattle and 
swine. A cystic condition may be caused by a failure of the adrenal 
glands to produce enough luteinizing hormone to bring about ovula- 
tion. Cystic follicles cause (1) continuous estrous behavior (nympho- 
mania), (2) anestrus, or (3) cyclic estrous cycles approaching a normal 
condition. The nymphomaniac condition is most dramatic: the female 
continues in estrus for prolonged periods but does not conceive. 
There is some evidence that this condition is more prevalent in warm 
climates. It is suspected that the condition arises when a small corpus 
luteum develops, enough to produce estrus, but not ovulation; the 
corpus luteum remains on the ovary, causing repetition of estrus. 
Some animals recover spontaneously, and others can be restored to 
normalcy by hormone therapy with gonadotrophins. But if male char- 
acteristics have developed, the animal will not respond to treatment. 

The two other cystic conditions— anestrus and cyclic estrous 
cycles — seem to occur fairly frequently. How best to arrest them is 
another unsolved problem of reproductive performance in the warm 
climates. Some recommended the use of gonadotrophins to stop 
anestrus, but this remains somewhat controversial. The cyclic estrous 
cycle is associated with lack of strong expression of estrus. Prelimi- 
nary tests conducted in Louisiana (Roussel et ah, 1970) indicate some 
supplementary progesterone, such as MGA, may be helpful in get- 
ting a stronger expression of estrus and perhaps assure ovulation but 
more research is required before recommendations can be made. As 
pointed out above, the use of a vasectomised male or nymphomaniac 
cow running with a herd may aid in obtaining a stronger expression of 
estrus. 

Sometimes there is a problem of persistent corpus luteum which 
has almost the opposite effect of cystic follicles in that the female fails 
to show estrus or if she does, she fails to ovulate. A persistent corpus 
luteum may also denote some infection in the uterus. The condition 
may alleviate itself in time or respond to treatment by expressing the 
corpus luteum manually from the ovary. The use of gonadotrophic 
hormone treatment, such as pregnant mare serum, is recommended. 

Frequently, delayed conception is caused by an infection in the 
uterus, commonly referred to as metritis. This condition often fol- 
lows dystocia or incomplete expelling of the placenta. The level of 
infection may be low or high, but in either case it will interfere with 
implantation. If the condition is observed before it causes large ac- 
cumulations of pus in the uterus, antibiotics, either by injection or by 
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implanted capsule, are effective in treatment. Some recommended 
drugs and hormones for treatment of metritis and other rcproduc 
problems in cattle are listed in Table 12.6. 


Some recommended hormones and drugs for 
treatment of reproductiie problems <« raff It'. 


RrprtM/tJcfiic problem Hormone or drug 


Metritis 
Mild cases 


Severe cases 


Postpartum uterine 
volution 


ImroVs solution (stock solu- 
tion) 


ImroVx solution (stock solu- 
tion) 


r»rcicin 


40-125 cc intrauterine infu- 
sion of 2 Tr of stock solution 
in pli>sioloRical saline. 

40-125 cc intrauterine infu- 
sion of 4 5V of stock solution 
in philological sahne. Re- 
peat treatment at 3-0 ‘*a> 
intervals until infection 
clears up 

40-125 cc intrautenne infu- 
sion of furacin solution 


Ovarian cysts Chorionic gonadotrophin 2500-5000 1 U sloss ,n 

(anterior pituitarydike lior- venous or 10.000 I.G . 
mone)- 1ICG produces pn- muscular injection lv-y 
marily luteinizing effects at \seckl> intervals, if > n 
Some of its effects are, liovv- cated 
ever, similar to those pro- 
duced by FSIl of the anterior 
pituitary gland 


Disturbances of an early rrcgnijt (chorionic gonado- 5.000-10.000 I. U mtramus- 
pregnancy (threatened trophin) cularly daily 

and habitual abortion) 
and sterility due to de- 
fective luteal function 


Anestnis (functional) Erfrotanan, aqueous (Con- 1 0-2 0 cc intramuscularly, 
tains estrone with acadia, 
procaine h>drochlonde, thi- 
merosal, and solium 
chloride) 


Nonfunctional ovanes, 
anestrus, or hypofunc- 
tion of the ovanes 


Vetrophin Contains follicle- 
stimulating and luteinizing 
hormones essential to nor- 
mal estrus 


Retained corpus luteum, 
retained placenta, mum- 
mified fetus, etc 


Intrautenne infections 
following calving 


Stilbestrol ~ long acting 
DiethylstilbestTol in a spe- 
cial base, which gives pro- 
longed estrogenic activity 

Uterine boluses Contain 
urea, sulfathiazole, sulfanila- 
mide, and acnflavine 


5-10 rat units intravenously. 
If normal estrus does not oc- 
cur in 10-14 days, give sec- 
ond treatment 

20-4 0 cc per 500 kg body 

weight intramuscularly 


Insert 1 or 2 boluses deep 
into utenne cavity R«P ea 
tn 3 days if necessary 




C Branlon, Ltmisi 


State University 
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Occasionally the uterus will be expelled with the fetus The 
prolapsed uterus can be replaced successfully provided it is discov- 
ered very early and stitches are taken in the vulva to prevent re- 
expelling However, the repeatability of the condition is high, so 
when it happens, it is wise to remove the female from the herd as 
soon as convenient 

Breeding efficiency in dairy herds may decrease slightly with in- 
creasing herd size, either on natural service or artificial insemina- 
tion, due to a decline in individual cow attention, but this is usually 
not serious In beef herds conception rates tend to be lower m multi- 
sire herds than in single sire herds even though the number of cows 
per bull is less It has been shown, for example, that the average calv- 
ing percentage for single sire herds with 28 cows per bull was 87%, 
compared to 81% for multi-sire herds with 18-19 cows per bull This 
was probably related to bull behavior, some bulls in multi-sire herds 
monopolize a larger number of cows There is evidence that higher 
conception rates can be obtained in herds of fewer than 75 cows than 
those with more than 75, nevertheless, good levels of conception can 
be obtained with 50-75 cows and 2 bulls 

Breeding efficiency tends to be lower in high producing herds 
than medium producing herds In Poland, for example, cows with an 
average yield of 5500 kg per lactation had an average calving interval 
of 16 3 months, as compared to 15 months for cows producing 3500 kg 
In Louisiana, there was a significant positive correlation between total 
milk yield in the first 120 days of lactation and calving interval Al- 
though the evidence cited stems from European breeds, it is very 
likely that the same will hold true for tropical breeds In fact, the calv- 
ing interval in the Sahiwal herd at New Delhi, India, has lengthened 
with increased yields These observations indicate that careful hus 
bandry is needed to prevent lowering of breeding efficiency with 
rising milk production, otherwise, the benefits of higher yields will 
be lost through longer calving intervals 

Reproductive efficiency declines with increasing age, especially 
after 10 years, m European breeds of cattle The length of breeding 
life appears somewhat longer in breeds indigenous to the tropics, but 
as pointed out m Chapter 10, this may be a misnomer when breeding 
life is judged on the total number of calvings instead of age 

There is a negative correlation between age of first calving and 
breeding efficiency during first lactation in both European and Zebu 
dairy herds Thus the calving interval between first and second lacta- 
tions is usually longer than in subsequent lactations This is probably 
because the younger animal has a higher demand on energ> intake for 
growth and development than older cows 

Early calving (<2 5 years) is attractive in beef herds but often- 
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times those calving first at around 2 years of age will MtoWdbjg 
during the subsequent breeding period, resultrng rn n .more calves v 
5 years of age than females which calved the first "“" J d 
age. To have beef heifers calve at 2 years of age and " ia ' ntal " « 
performance later requires well developed an.mals, wh.ch in turn 

quires good feed resources. pant 

There is evidence that age of calf at weaning has a sl S nI " c “ 
effect on subsequent calving rate in Angus, Hereford, Brahman, 
gus, and Santa Gertrudis cattle. Also, cows calving early m the sprig 
months seem to have the greatest chance of repeat c °" c ?P tl0n ,. 
cause they have more opportunity to breed in a controlled breeding 
period (Wamick et ah, 1967). 

In herds where artificial insemination is practiced, the etticrency 
of the inseminator and heat detection are critical to the success, in 
studies made in New Zealand, 11.3% of the total variance in concep- 
tion rate among dairy herds was due to variation between technicians. 

The distance animals must walk to graze or watering points can 
have a bearing on conception rate. Movement of cattle from one group 
to another may also be a factor. Each time a cow is introduced into a 
new group she will be challenged to establish her position in the pec 
order. This detracts interest from mounting or identifying those m 
heat. Likewise, moving cattle from one location to another or from the 
temperate zone to the tropics usually disrupts breeding efficiency. 

Delay in shedding of hair coat often accompanies retardation in 
the onset of estrus, particularly among European breeds imported to 
the tropics or subtropics. Whether retention of the long hair coat is a 
direct cause of lack of estrus or a visible expression of some interna 
imbalance that is the inhibitor is yet unknown. . 

In some species, certain anatomical features may cause reduced 
fertility, such as the heavy fat-tail characteristic of some indigenous 
sheep. Rams of the same breed seem aware of the need to push the 
tail of the ewe aside with head or foreleg as they mount for service, but 
mating of fat-tailed ewes with imported breeds may cause problems 
unless man assists by holding the tail of the ewe aside. 


WAYS OF IMPROVING BREEDING EFFICIENCY 
Role of Manager 

Get a good manager. He determines the success of the operation in 
reproductive efficiency. His importance can be seen from Table 12.7 » 
which <*aows the changes in the breeding efficiency of a herd under 
three different managers. 
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TADLE 12 7 

lnjlui net of In rd manager on 
breeding efficiency m a dairy herd 


Measure 

A 

Manager 

B 

C 

Da> s from calving to first 

estrus 

50 

84 

40 

Sen ices per conception 

17 

25 

1 3 

Days from first sen ice to 

conception 

34 

76 

26 


Continuous surveillance and record keeping enhance breeding 
efficiency in numerous ways A good manager knows that irregular 
estrous cycles or vaginal discharge at any time are signs of possible 
infection somewhere in the reproductive tract He is also aware that 
cows with retained placenta should be examined and treated 24 to 72 
hours postpartum and these should be re-examined one or twice prior 
to breeding to ensure that the uterus is free of apparent infection and 
has returned to normal size Cows without retained placenta (but who 
show a purulent or fetid discharge) should be examined and treated 
He knows that examinations are desirable (1) when he observes an 
abnormal or cloudy mucous during estrus, (2) 30 to 50 days post- 
partum to make sure the reproductive tract is undergoing involution 
at a normal rate, (3) 24 to 36 hours after service for cows bred 3 or 
more times to determine the cause of breeding difficulty, and (4) 45 to 
60 days post breeding to detect pregnancy 

With proper records the manager can determine if the number 
of repeat breeders — those bred more than three times — exceeds 10% 
of the herd If so, he looks for the cause, such as time of breeding If 
the conception rate is higher from natural service than from frozen 
semen, time of breeding, quality of semen, and insemination tech- 
niques should be checked If metestrus bleeding occurs under 24 
hours after service, the cows were bred too late If it occurs over 36 
hours after service, they were bred too early during estrus 

Short irregular intervals for estrus frequently indicate cystic 
follicles, whereas, both short and long irregular intervals indicates to 
the manager that heats are being missed, there may be an infection 
influencing the cycles or undemutrition, as well as some other stress 
The manager makes the difference between profit and loss at time 
of parturition A good manager literally lives with the flock or herd at 
time of parturition He gives assistance during parturition if needed, 
coaxes mothers to accept unwanted offspring, teaches the >oung to 
suckle, dries off the newborn to prevent chilling, prevents young from 
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drowning during the rainy season; records birth along with' 
of offspring and dam; observes for abortions; estimates > e ^ 
servation of development of young, the best milkers in t 
flock; treats the animals to prevent disease or parasites, such as dip 
ping the naval in iodine to prevent screwworm infestation; and P 
forms castrations. 


Detecting Estrus 

The use of artificial insemination (Al) in tropical areas has been dis- 
appointing largely because of unsatisfactory detection of es nis * 
Estrus detection has always been a difficult problem. The stan mg 
mount will identify 50% or so of the cattle in heat in the tropics but it 
is of little or no value for sheep or swine. Therefore, it is obvious t a 
more than the standing to mount of females is needed for good re 
productive efficiency. 

Herd management practices, especially in dairy operations, ac- 
count for some of the difficulty. Where herds are crowded into sma 
lots, there may be little opportunity for heat detection. When lots have 
a concrete surface that is continuously wet the females may be reluc- 
tant to mount others for fear of injury. Furthermore, observations for 
estrus are often relegated to time of feeding. This approach is inef- 
ficient as the attention of the animal is directed toward eating and not 
mounting. Such management factors contribute to failure to diagnose 
estrus in cows having essentially normal cycles. 

In Louisiana, it was found that increasing the frequency of ob- 
servation of cattle from once or twice to 3 and 4 times per day in- 
creased significantly the number of cattle observed in estrus, par- 
ticularly heifers of breeding age. Driving a truck, riding a horse, or 
walking among the animals helps in estrus detection as these actions 
stimulate movement. In Argentina and elsewhere it is common prac- 
tice to observe cattle just at dawn as they rise from resting. 

Another problem is that when AI is the method of breeding, th* s 
imposes additional disciplines on the animal caretaker’s daily routine. 
Unless his understanding of the principles underlying the purpose is 
clear and he is fully in sympathy with his responsibilities, it is only 
human for him to devote less than full attention to heat detection. 
Thus training of workers is an important aspect of management. In- 
cluded in the workers’ training should be the recognition of all symp- 
toms of estrus. Standing when mounted by another animal represents 
e nal criterion of estrus, but many behavioral changes indicate ap- 
proaching estrus. In cattle, these include restlessness, bawling, butt- 
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ing, redness of the vulva, and a clear vaginal mucous discharge Cows 
may mount each other at almost any stage of the cycle, so mounting 
behavior is not necessarily an indication that estrus is impending 

Metestrus bleeding usually occurs on the second or third day of 
the cycle If the dried blood is observed on the tail and the date re- 
corded, this can be used to predict the next estrus Maintenance of 
heat expectancy charts is well worth the effort 

For dairy herds, it is recommended that all cows that fail to show 
estrus within 50 days after parturition be examined by a veterinarian 
If the animal has pyometna, or some similar condition that may inter- 
fere with normal ovarian function, she should be treated If a coipus 
luteum is found, indicating that the ovary is functioning, the stage of 
the cycle should be estimated from the size and consistency of folli- 
cles and corpora lutea and consistency of the uterus noted in order 
that the animal may be checked more carefully at the next expected 
estrus 

Estrus can also be detected m cattle by means of teasers— vasec- 
tomised bulls or bulls in which the penis has been amputated and the 
urethra exteriorized, or hormone treated cows or steers— and heat 
checking devices If a teaser bull is used, precaution should be taken 
against the spread of disease, a vasectomised bull is less preferred for 
this reason Hormone treated cows or steers reduce the risks of spread- 
ing disease, but it is difficult to treat them in such a way that they are 
willing to mount This is an even greater problem in hot climates 

The heat checking devices available are usually attached to the 
tail or rump of the female Mounting causes these devices to discharge 
a marking fluid, which can afterward be observed Another device 
gaining acceptance, which may be used for all species, is the “Chin- 
Ball Mating Device” made by Frank Pavouir Ltd , Mahana Road, 
Hamilton, New Zealand It consists of a small stainless steel box 
mounted on a special halter beneath the chin of the animal being used 
as a checker The box is filled with a special dye, which is exuded 
around a spring-loaded ball and marks the back of the animal in heat 
when mounted The principle of the device is similar to that of a ball 
point pen 

In the Soviet Union an apparatus has been employed that con 
sists of a pocket ohmmeter with electrodes, which are applied to the 
mucous membrane of the vagina The resistance indicated on the 
ohmmeter shows whether the female is ready for service Although it 
has been found most useful for cattle, it has also worked with swine 
and sheep 

An additional reason for paying close attention to estrus detection 
is to identify aborting females as early as possible for removal from 
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the herd or rebreeding. Females aborting in less than 1 L50 < days ^after 
sendee may go unnoticed unless it is the practice to observe ’female 
closely for discharge. Abortions beyond 150 days will leave an 
dent residual placenta for a few days if a fetus is not found. 

The signs of estrus are not very apparent in the ewe, but tins is 
unimportant if the ram is with the flock at breeding time. Where han 
coupling is practiced, it is advisable to run a teaser ram with tne 
flock. He may be a vasectomised ram or an intact male with an apron 


hung in front of the penis to prevent service. 

It is common practice in some areas for livestockmen to smear 
the brisket of a ram or bull with paint or a paste made from grease an 
coloring material at about 2-day intervals to denote when each fema e 
has been served. The color of the paste may be changed every 1 
18 days in sheep and 18 to 21 days in cattle so that females that again 
come into heat maybe discovered. This practice serves additionally to 
detect sterile or poor libido males. 

Estrus in sows is preceded by a swelling of the vulva and a slig 
discharge. In addition to the swelling, which continues during estrus, 
the sow shows general excitement and often follows other sows, snit- 
fing at their genital organs and mounting them, while grunting in a 
peculiar fashion. If the sow stands to be mounted or stands when a 
hand is placed firmly on her back, she probably is in or near to estrus. 
Ovulation occurs about 35 hours after the onset of estrus; but since the 
vitality of the eggs is low after a few hours, the second day of estrus 
is the most favorable for service. In gilts, the eggs appear to be shed 
slightly earlier than in sows. Sows often show signs of estrus 3 to 5 
days after farrowing, and a second estrus usually occurs 3 to 5 days 
after weaning. The general recommendation is not to breed during the 
first estrus, due to heavy lactation, but to breed on the second. 


Synchronization of Estrus 

There are numerous advantages in being able to regulate estrus cycles 
in domestic animals, chief among them being increased potential for 
expansion of artificial insemination in swine, sheep, and beef cattle. 
Over the past decade a great deal of research has been directed to- 
ward practical methods of cycle regulation in sheep, cattle, and swine, 
v-onsidcrable progress has been made, but no entirely practical and 
generally accepted method for any of these species has yet been de- 
veloped (Hansel, 1970). 

MAP and similar progestins have proven useful in controlling the 
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estrous cycles of cattle and sheep Conception rates of 50-60% can 
be obtained in cattle bred at the first estrus after feeding 180-200 mg 
per day for 18 days A higher percentage of the treated animals come 
into estrus 2-5 days after withdrawal of the compound from the feed 
(Hansel, 1970) However, the quantity' of MAP needed to effectively 
suppress estrus makes it rather expensive for wide use Consequently, 
a number of other orally active progestational compounds have been 
tested, with some effective at very low levels For example, a com- 
pound identified as CAP will inhibit estrus when fed at the rate of 10 
mg per day, and melengestrol acetate (MGA) is effective at 0 4 mg 
per day Rather low fertility of females bred at the synchronized estrus 
remains a problem To reduce the necessity of feeding and to over- 
come the problems of each animal obtaining its required daily intake, 
efforts have been directed toward suitable hormone implants, the re- 
moval of which will induce estrus Most methods have given reason- 
ably good synchronization but the fertility remains lower than for 
untreated animals 

A technique of administering progestins for estrus cycle synchro 
mzation of ewes by way of impregnated polyurethane sponges in 
serted into the vagina has given good results following removal of the 
sponges after 16 days (Robinson et al , 1967) But the technique has 
not been successful in cattle because many of the cattle fail to retain 
the vaginal pessary the required length of time 

At this stage of technology, estrus and ovulation can be regulated 
in cattle and sheep by administering a number of different progestins 
either orally, subcutaneously as removable implants, or intravaginally 
by way of impregnated sponges A major difficulty is that the fertility 
of females synchronized with the compounds have lower fertility than 
non treated animals Most of the methods still require checking for 
estrus after withdrawal, however, reasonably good conception rates 
have been obtained by inseminating synchronized cattle fed MAP on 
two successive days — the third and fourth following withdrawal 
Estrus synchronization m cattle and ewes is most useful for timing of 
breeding, concentration of labor etc , but does not enhance fertility 
And to be used effectively it requires skill on the part of the operator 
A significant proportion of gilts fed progestins in sufficient 
amounts to inhibit estrus develop cystic follicles in their ovanes after 
withdrawal There is some evidence that this problem can be over- 
come by feeding an orally active estrogen for 9 days followed by 9 
days of MAP feeding In other tests the proportion of heats synchro- 
nized w ithin a period of two da> s has been increased b> administering 
1000 I U of pregnant mare serum after withdrawal of the progestin 
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compound Metallibure. In spite of less than completely satisfactory 
results on synchronization of estrus in swine, it has been the mean 
of commercial use of AI. . . 

Ultimately, it should be possible to control the time of ovulation 
to the point that it will be unnecessary to check animals for estrus e ' 
fore insemination. When this day arrives the procedure should prove 
a boon to livestock improvement, particularly in beef and sheep pro- 
duction. 

As indicated by the Louisiana experiences cited above, the com- 
pounds used in estrus synchronization may also prove useful at a low 
level for increasing the intensity of estrus and as an aid in stimulating 
ovulation when the corpus luteum does not develop to the point that 
ovulation occurs. 


Determination of Pregnancy 

The most common method for determination of pregnancy in dairy 
cattle is keeping track of 60-90 days non-returns. Other standard 
procedures include palpation of the uterus 35-45 days post breeding. 
However, recent evidence indicates that palpation should be prac- 
ticed only after 50 days. (This is more desirable than 30-45 days as it 
seems this period is very critical to the new embryo and pregnancy 
may be easily voided). Under intensive or semi-intensive manage- 
ment, palpation is often a profitable practice for cattle operators. For 
extensive livestock operations, recording of the number of young is 
about all that is warranted. Ultrasonic devices have proven success- 
ful for detecting both pregnancy and number of fetuses being carried 
in ewes on an experimental basis. 


Culling for Sterility 

The fanner is consistently confronted with decisions as to when to 
remove females from the herd or flock for poor breeding efficiency. 
Frequently, fanners are not as cost conscious about culling as they 
ought to be. Recommendations on culling for sterility causes other 
than disease or obvious serious infections of the reproductive tract 
are difficult The rules must be flexible for numerous reasons. The 
armor \\i tolerate poorer breeding efficiency from good performers 
u»an trom poor performers. If he is selling breeding stock for attractive 
prices he may tolerate one offspring in two years or more. When herd 
numbers are stabilized, tolerance to long dry periods will be less than 
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not hasten to make blanket recon.mendat.ons, for .t .. > obvlo “* *“) 
are far from having the answers on the most suitable technolofc 
procedures for warm climates 


THE MALE IN REPRODUCTIVE EFFICIENCY 

Bonsma, (1968) strongly recommends that serious consideration be 
given to the “masculinity" of the herd sire He contends that no male 
should be used with abnormalities of the sex organs, such as hy- 
poplasia of one or both testicles The bull should have masculine ap 
pearance, have clearly defined secondary sexual characteristics and 
not be too compact m body Although there is little scientific evidence 
that points of apparent masculinity are directly related to breeding 
efficiency, from the practical standpoint these points may warrant 
consideration, especially if the bull is to live and work under range 
conditions 

Sexual behavior of males is a problem in certain countries and 
may be associated with particular breeds It is also a problem in arti- 
ficial breeding units, where low sex drive and inability to ejaculate 
limit the usefulness of sires In the U S , about 61% of A1 bulls are 
culled for low fertility, poor semen, and refusal to serve (Salisbury and 
VanDemark, 1961) Certain breeds, such as Brahman, Sahiwal, and 
Red Sindhi are “shy breeders,” which means they do not lend them- 
selves to very satisfactory AI service 

In many Zebu breeds there is a high frequency of bulls without 
good sex dnve, as indicated by the proportion in Table 12 8 that were 
slow or unwilling to serve The poor dnve on the part of the Sahiwal 
is a serious handicap to its use in AI Reports form Kenya, where 
Sahiwals have been used for grading up, confirm that these bulls are 
very slow to respond to collecting for AI 


TABLE 12 8 

The mating performance of carious Indian breeds of 
cattle by percent of total in each category 


Breed 

\o 

Quid 

S/ou, 

Very 
slo w 

No sex 
drive 

I7nu.it/ing 
to serve 

Sahiwal 

22 

13 7 




45 

Hed Sindhi 

115 

32 2 




87 

1 harparkar 

28 

286 




36 

Hanana 

230 

45 5 

252 

235 

57 

04 


Adapted from Lageriof, 1962 
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Brahman bulls which have an opportunity to mate with cattle of 
their breed or other breeds, choose Brahman females in preference 
to European breeds (Hale, 1966). Zebu type bulls appear more active 
as breeders at night. If a man walks near a Zebu bull at night, the bull 
will likely break his mount and go away even though the cow may 
show distinct signs of estrus. 

Bulls of Zebu breeds also reach sexual maturity late, as compared 
to European breeds. Seldom are bulls of any breed from the tropics 
put in service before 2 V> to 3 years, and sometimes later. Although the 
late maturity is influenced by level of feeding, there is also evidence 
of genetic influences. In the U.S. it was found that each 25% Red 
Sindhi breeding in Red Sindhi-Jersey crosses delayed sexual maturity 
by about 2 months in the crossbred males. 

Some observers in Africa and Latin America contend one cause of 
low breeding efficiency in the herds is because far too many immature 
bulls are used. This is probably because young males are not sep- 
arated during prepuberty. Also, herd owners tend to depend on 
younger bulls for breeding since they are smaller in size than desired 
for the best market price. 

Frequency of collection, pre-collection stimulation, nutrition, 
and age and size of the bull all influence the production of good 
quality semen. Though semen volume and sperm concentration are 
reduced by frequent ejaculation, collection up to 14 times per month 
does not seem to affect fertility in most cases. Salisbury and Van- 
Demark (1961) describe an experiment in which semen was collected 
from 2 groups of 10 bulls, either once per week or daily. Although the 
non-return rates of the two groups were similar, the group used daily 
produced nearly twice as much spermatozoa per week. In some In- 
dian breeds, semen collection twice per week had an adverse effect 
on semen volume and concentration and 4 collections per week ad- 
versely affected reaction time. 

If grazing is poor the libido of bulls and rams will decline and 
may even reach a point where they leave the herd or flock. Rotating 
males in and out of the herd periodically— every 2 to 4 weeks— has 
proven very effective in overall breeding efficiency. Such a practice 
will require more males and labor but the increase in number of off- 
spring should make it worthwhile. 

Inbred boars often lack libido (Hauser et al., 1952). The cause is 
unknown but it is believed that an imbalance or deficiency of testos- 
terone production is the main factor. It is not considered advisable to 
treat for the condition because treatment has met with limited success 
and also because continued use of such boars may increase die condi- 
tion in the population. Treatment of boars with gonadotrophic hor- 
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mones for the correction of defective spermatogenesis is likewise con- 
sidered inadvisable 

Reports of experiments from the Soviet Union indicate concep- 
tion rates m cows of 86% with mixed semen of two or more bulls, 
versus 67% for unmixed semen, with a resulting improvement in 
embryonic vitality and more vigorous progeny Sows were also re- 
ported to have larger litters from mixed semen matings Experiments 
along these lines in Britain and the U S have not been this conclu- 
sive, some have indicated a slight improvement with mixed semen 
and others have shown no advantages Russian experiments also in- 
dicate 10% higher conception rates when 10% ram semen is mixed 
with bull semen, but this has not been confirmed elsewhere 

The practice of double mating dunng estrus will increase con 
ception rate but it is usually not economically feasible for commer- 
cial production Nevertheless, it may be useful where hand mating is 
practiced or where the manager has access to semen stored on the 
farm 

Adjustments that can be recommended for the male side of live- 
stock reproduction include (1) selection of males that are well grown 
and show good libido, (2) checking for fertility prior to placement in 
service, (3) adequate feeding prior to and dunng the service penod, 
(4) flushing of males pnor to the breeding season, (5) rotating males 
in and out of the female herd if the feeding is poor or the service pe- 
nod is long, (6) elimination of males that indicate any signs of hypo- 
plasia, and (7) hand mating to extend the use of the best sires 

If service is by AI, breeding ought to take place twice per day in 
warm climates It is generally recommended that cows in estrus in the 
morning be bred late in the P M and those observed in estrus dunng 
the p M bred the following A M Some breeders are following this 
practice, adding a second breeding for cows that will still stand to 
mount in the next service time 

Again, as with the recommendations for improvement of re 
productive efficiency in the female herd, adjustments on the male or 
insemination side depend on the economic feasibility and skills of 
personnel 


USE OF ARTIFICIAL INSEMINATION 

The physical process of artificial insemination is feasible for all classes 
ot livestock and poultry with reasonably satisfactory conception rates 
r rozen semen may be used with cattle, but with other animals fresh 
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semen must be used, and thus the conditions required for satisfactory 
service are not often economically practical. Nonetheless, it is undis- 
puted that the proper employment of AI provides a universal means 
for limiting the spread of venereal diseases and making possible cer- 
tain naturally incompatible matings. Like other phases of technology, 
it affords advantages but under other circumstances it is unwarranted 
at present. 

The principle advantages of AI are: (1) AI enables an individual 
male to sire a large number of progeny, thereby requiring fewer 
males, which gives an opportunity to increase the superiority of the 
males saved. (2) An AI progeny test is the most accurate means of 
evaluating males for use in a variety of environments. (3) Crossbreed- 
ing plans can be carried on more effectively when sires are available 
through AI; it eliminates the need for each herd to maintain males of 
two or more breeds. (4) Males that carry undesirable recessive genes 
are more likely to be detected because of the greater number of 
offspring in AI than in natural service. (5) Germ plasm is available to 
herd owners who would not otherwise have access to it. (6) AI permits 
selected matings of outstanding individuals and provides a means of 
mass breeding if used in conjunction with feeding for synchronized 
estrus. (7) AI is the most economical means of upgrading indigenous 
stock with improved breeds and moving animal germ plasm about the 
world. (8) One other advantage frequently overlooked is that AI may 
serve as a means of bringing farmers — particularly, small farm oper- 
ators— and trained personnel into closer contact. This could serve as 
the best approach to initiation of improved management practices. 

Although AI affords advantages, it has limitations. From the stand- 
point of genetics, inbreeding effects may accrue more rapidly than de- 
sired if too few sires are used; it is contended that the frequency of 
deleterious recessives may increase. The latter is a somewhat unten- 
able argument, as only genes already in the population can be spread. 

Some nongenetic disadvantages of AI are that conception rates 
may be less than for natural service due to many causes, among which 
are handling procedures, improper storage, improper time of breeding 
in the estrus cycle, and ineptness in heat detection. Costs per preg- 
nancy may be higher due to added expenses. 

Frozen semen is, of course, becoming widely used in several 
countries in the N-S 30° latitudes, but to date the conception rates 
have not been as good as expected, especially for bovine semen im- 
ported from the north latitudes. In Venezuela and India the concep- 
tion rate for imported semen has been running 20 to 37% for first 
service. There could be many causes but even where the storage and 
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handling have been well checked and the inseminators adequately 
trained, the conception rates for imported bovine semen appear t0 be 
at least 10% less than in the U S This indicates a need for further ex- 
amination of the suitability of freezing and handling procedures tor 
semen used m tropical areas Semen storage techniques may be one 

factor , 

The Japanese pill technique and the French paillet (straw; 
method may overcome some of the problems encountered with use or 
glass ampules or pipettes in handling frozen semen A field trial 
in Cuba showed that for 989 inseminations with semen stored in 
“straws,” the conception rate was 64%, and with 892 inseminations 
the pill gave a conception rate of 70% These rates were considerably 
better than the 58% conception rate obtained with the ampule The 
Cuban group concluded that the Japanese pill technique is the sim- 
plest and most economical for tropical conditions Experimental 
trials in Brazil, Taiwan, and Argentina have also shown improved 
conception rates with the pill insemination It has been suggested 
that the use of either the pill or straw, which reduces the fluid volume 
used in insemination without reducing concentration of sperm, af- 
fords advantages in hot climates It is conceivable that the liquid 
nitrogen storage process currently in use, especially in the field, may 
permit storage of semen as pills or straws at a more constant tempera- 
ture than is possible for 1 cc ampules mounted on canes When the 
tanks are maintained under rather high external environmental tem- 
peratures, the ampules on the upper portions of the canes may be af- 
fected, particularly when the nitrogen level in the tank is rather low 
Probably when a canister in the storage tank is lifted up for the re- 
moval of an ampule, other ampules near the top of the canister re- 
ceive more of a temperature shock than they would in cooler climates 
These are problems that must be investigated if AI is to be used ef- 
fectively m the tropics 


Problems in Making AI Effective 

AI could be a very useful part of any of the breeding programs out- 
lined in Chapter 10 (Figures 10 13, 10 14, 10 16, and 10 17), particu- 
arly for cattle It is likely, however, that insufficiently trained per- 
sonne .geographical hazards, and lack of means for development of 
sires of supenor ment through progeny test will restrict practical 
I catl ° n to use AI for grading up local types with imported stock 
igure 16) and the production of crossbred sires with semen from 
imported stock for use on the general population (Figure 10 17) 
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The success of AI programs is limited not only by physical and 
economic factors, but also by the distrust of the local farmers. They 
must be convinced that animals of improved quality will bring them 
higher returns. Where there is insufficient purchasing power in the 
market to pay premiums for quality products or inability of the farmer 
to provide the improved level of nutrition needed, the distrust may 
be well justified. 

The acceptance of the use of AI by a large segment of the dairy 
industry in the temperate zones has been attributed to a number of 
factors. (1) Conception rates, even with frozen semen, have been as 
satisfactory as with natural service. (2) No appreciable changes in 
labor and facilities have been required. (3) AI has been looked upon 
favorably by breed organizations. (4) Its development has been spon- 
sored largely through fanner cooperatives. (5) Farmers have par- 
ticipated in the selection of sires (sire committees). (6) There was an 
awareness among farmers of the need for performance testing and that 
family selection is required in the selection of bulls since there is no 
direct measure of milk production. (7) It was recognized that AI would 
be valuable in the expediency of genetic progress. (8) And there has 
been cooperation among AI organizations in the distribution of semen 
(Miller, 1968). 

Obviously these developments took time. An effective exten- 
sion program was operating and the managerial skills of the farmers 
were good to excellent. In short, they knew their stock; hence they 
could appreciate the potential both for savings on cost of sires and for 
genetic improvement. Possibly even more significant than the op- 
portunity offered for genetic improvement were the facts that con- 
ception rates were acceptable and that no appreciable changes were 
required in the farm operations. The importance of the latter is evi- 
dent by the fact that more than two-thirds of the dairy heifers in the 
U.S. are still bred for the first pregnancy by natural service. Breeding 
by AI would require significant modification in the customary way of 
handling heifers on the farms. 

Currently, in the U.S. less than 3% of the beef cattle population 
are bred artificially, as compared to about 50% of the dairy cattle. 
The slow acceptance of AI in the beef industry has been primarily due 
to economics since major changes in husbandry practices would be 
required. Most commercial breeding herds, whether in the U.S. or 
some other country, are characterized by large holdings and large 
ratios of cattle per worker. The cattle are so widely dispersed that 
they may not be checked for days at a time, thus prohibiting proper 
observation for heat. The increase in labor and facilities needed for 
AI would make it a poor investment. 
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Another inhibitor to acceptance is that progeny testing is some 
what less critical in beef production since some of the more im- 
portant traits — e g , rate of gain-can be measured on the males di- 
rectly Even so, the selection differential that could be achieved 
AI has advantages over any system involving herd sires It has been 
estimated that the optimum use of AI could speed lmprovemen in 
weaning weight, rate of gain, and carcass traits by 200, 50, and JUU !o, 

respectively , 

Lack of satisfactory means of deep freezing of boar and ram 
semen, coupled with the low monetary value of the sow or ewe com- 
pared with that of the dairy cow, makes AI in these species costly 
Where AI service is available on a routine basis, the annual cost ot 
service for a cow is about 2-4% of her value For a sow or ewe, t is 
would be only $0 50 to $1 50 It is questionable whether semen alone 
could be furnished within this price range For this reason many fee 
that AI will not be pushed in swine or sheep The fixed costs asso- 
ciated with a ram or boar stud may not be greatly different from those 
for a dairy stud except for the initial cost of the animals An added 
problem with these species from the standpoint of stud operations and 
the use of professional mseminators is the seasonality of breeding m 
these species This will be a senous drawback unless dairy operations 
can be serviced by the same mseminators Such arrangements are un 


common for sheep but may prove workable for swine 

Methods for the control of the estrous cycle, the reduction in the 
nsks of spreading disease from farm to farm by transporting boars, and 
the wider use of superior boars will no doubt be conducive to AI for 
swine in certain areas Currently m the U S several AI establishments 
have expanded their operations to include boars In these areas, herd 
density is high and swine are being serviced by mseminators work- 
ing dairy herds Under these conditions, AI in swine appears eco- 
nomically feasible 

Only the Soviet Union has embarked on a national program for AI 
for sheep In other areas, such as Europe and the U S , AI has been 
used principally for planned matings in breeding flocks and to a small 
degree for extending the use of valuable sires m commercial flocks 
In Australia, AI has been used to introduce the polled gene and, by 
selected matings, to improve wool production Dunlop and Young 
(1961) concluded from a theoretical comparison of the merits of natu- 
ral and AI service for wool production in Australia that AI would be 
supenor by a margin of 18-26%, but natural service would yield more 
rapid progress for a flock of 1,000 ewes or less This was mainly be- 
cause of tlie depressing effects of inbreeding that would result from 
the use of a small number of rams They concluded that genetic prog 
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ress would be slowed through the use of AI on an intraflock basis 
even if the flock were sizable. In brief, it seems that in countries 
where sheep have developed fully along traditional lines, such as in 
Britain, Australia, and the U.S., AI can only be of limited value until 
efficient systems of sheep recording and progeny and performance 
testing have been developed. At present flocks are so widely dis- 
persed and operated with such small labor units, especially in Aus- 
tralia and the U.S., that the price in the market for products from sheep 
would have to expand to justify all that is required for multi-flock 
progeny testing. 


Application of AI in the Warm Climates 

Although AI is possible for cattle, sheep, swine, and buffaloes and 
has advantages for national programs, the question arises, when is it 
feasible and when is it not? Experiences thus far in countries of the 
N-S 30° area show evidence both for and against expansion of AI on 
a country wide basis. 

India and Egypt have devoted a great deal of effort and resources 
to development of country wide programs for AI with cattle and buf- 
faloes. To date little information has been made available on the value 
of these programs for genetic improvement of stocks. Some improve- 
ment may have been realized, but for the funds invested the returns 
have no doubt been exceedingly small, principally because of the low 
selection differential in choosing the sires, the poor levels of nutrition 
in the herds, and the limited extent to which AI has reached into local 
areas. Few efforts have been made to collect information on progeny, 
and consequently all the sires for AI service have come from a narrow 
base of small herds on government farms or a few imported sires. 

Other countries, notably Iran, have attempted to center country 
wide AI programs for dairy production on imported bulls, with some 
supplementation of sires from small herds of imports. Because of in- 
adequate means of communications, small number of sires available, 
and very limited record keeping, the returns on investments have 
been disappointing. As indicated in Chapter 10, AI was accepted in 
Iran reasonably well in the beginning stages due to high acceptabil- 
ity of the first generation crossbreds, but its popularity declined with 
the less desirable performance of crosses with more than 50% Eu- 
ropean breeding. 

If the AI programs in the three countries mentioned are judged 
on an economic scale, the returns are disappointing. But if they are 
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judged from the standpoint of their contribution to needs for social 
and political viability the end results look somewhat different 

In contrast to die questionable success of A 1 prognu ms of I a, 
Egypt, and Iran, there are, according to published repo , <1 
cessful AI programs for dairy cattle operating in Kenya, Uganda 
Brazil, Colombia, Venezuela, Costa Rica, Jamaica, 

Queensland, Australia And Israel has a very efficient AI program. 
AI is used in about 40% of the dairy herds in Puerto Rico. Why has 
AI been more successful in some places than others. Except tor ' 
rael, the better experiences are generally attributable to concen 
tion on offering service to limited areas instead of broad coverage an 
emphasis on supplying herds where managers have well above aver- 
age appreciation of the potential benefits of AI 

There are many areas in which AI should be considered an es- 
sential tool in improving livestock performance, particularly with cat- 
tle At the same time, AI will not miraculously alter the underlying 
difficulties of production, therefore, it can succeed only where it wi 
serve as an integral part of improved general husbandry practices An- 
other prerequisite is that the sires must have higher genetic potential 
than many of those used in the past Performance testing should, m 
most instances, be a part of the AI program Finally, irrespective or 
the genetic ment of the sires for AI, satisfactory levels of fertility must 
be obtained or else there will be limited acceptance by fanners At 
present it does not appear that country wide programs should be con- 
sidered for swine, sheep, or beef production, but some programs may 
be useful on a limited scale 

AI development should start with programs that will yield re- 
turns to the livestock industry rather than broad area coverage which 
is very costly AI could be used for planned matings in selected herds 
of Bocks to produce either pure or crossbred sires for distnbution on 
a broader basis It might also be useful in those same herds to provide 
a progeny test to intensify further selections before using a few sires 
to produce a sizable number of sons AI may afford advantages in- 
ternally in certain large herds thoroughly expanded use of some sires 
Where there is a concentration of stock, especially in dairy operations 
around urban centers, AI could be supported and used effectively, 
particularly for larger farms whose feeding levels are adequate but 
whose bulls are of inadequate standards 

AI is not feasible where nutntional levels are low, disease prob- 
lems are serious, facilities and labor are restricted, operations are 
widely dispersed, or there is distrust on the part of intended re- 
cipients The need for genetic improvement in these areas is great, 
but until management is improved the genetic impact of AI will g° 
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unrecognized. In fact, introduction of AI would be a disservice, espe- 
cially if imported stock were used. 

When grading-up programs are designed to utilize importations 
of semen, it is desirable that the quality of sires from whence the 
semen comes be as high as possible. This should lead to the selection 
of progeny tested sires of well above average merit. For Holstein sires 
from the U.S., for example, we would like the sires to have an esti- 
mated predicted difference of +250 kg or more of milk and the esti- 
mated repeatability of the proof to be 70% or higher. Such sires are 
in great demand; accordingly, the premium prices placed on the 
semen make their use unfeasible for broad area breeding schemes. 
They can only be afforded for planned matings to provide sires for fu- 
ture service in local areas. Using a cross section of sires in a given 
group is less expensive than using premium sires but still rather ex- 
pensive for general use. The least expensive imported semen would 
be that of “young selected sires” that have been chosen for sampling 
by AI studs. Since the demand for these sires is limited in relation to 
supplies of semen, the cost would be lower than for progeny tested 
sires. Use of a sizable number of these sires would give 60-80% of the 
expected genetic progress in comparison to average sires and about 
50% of the gain expected from the very highest sires. Until countries 
are in the position to establish their own progeny testing programs, 
the use of a large number of “selected young sires” makes AI more 
feasible. 
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Management in Relation 
to Animal Health 


Animal health requires the livestock operator’s constant attention In 
all environments, health problems cause great losses in livestock pro- 
duction. For the U S , the estimated annual losses of cattle, sheep* 
swine, and poultry, and their products, from infectious and non- 
infcctious diseases are more than 1 5 billion dollars Losses from 
parasites add approximately another 330 million dollars These losses. 


not including the costs of drugs and treatment, are equivalent to over 
11% of the total income from livestock and livestock products Al- 
though losses in the U S are rather high, losses in the warm climates, 
figured on the basis of per animal marketed, are much worse 

Often those who maintain livestock in the warm climates accept 
the idea that problems from disease and parasites are inevitable, but 
this notion must be rejected insofar as possible since healthy ani- 
mals are essential for economical livestock production The main- 
tenance of healthy animals m any environment requires the support 
of professional veterinarians, who can treat clinical cases of disease 
and assist in eradication programs However, the day-to-day health 
disturbances, which account for the greatest losses in animals and 
performance, must be attended largely by the manager In many areas 
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the wits of the livestockman is the key factor in managing all types of 
animal health problems due to insufficient veterinarians. For exam- 
ple, there are less than 3,000 veterinarians in all of Africa. More than 
y 2 of these are in two countries, Egypt and South Africa. 

No attempt can be made here to cover the details of the pathology 
of tropical diseases, disease symptoms, and extensive control pro- 
cedures. Standard texts on animal diseases, such as those listed at the 
end of the chapter, should be consulted. FAO, WHO, and OIE are 
international agencies that support research on animal diseases and 
attempt to coordinate programs on identification of diseases as well as 
control methods. Periodic reports are issued by each agency, such as 
those listed among the references. FAO also issues annually an “Ani- 
mal Health Yearbook/* which serves as a ready reference to the dis- 
eases present in almost all countries and the probable extent of in- 
fection. 

The losses of livestock and their products from health break- 
downs are generally divided into two classes: mortality and mor- 
bidity. The definition of the first is obvious. The second applies to re- 
duced yields and depreciation of animal products through such causes 
as destruction of parts of carcasses due to injury, disease, or parasites; 
reduced quality of meat, hides, and wool resulting from insects or 
poor slaughtering procedures; lowered resistance of stock to diseases 
because of poor nutrition; wasted feed and labor attributable to sub- 
clinical conditions of disease and parasites; inefficient use of pastures, 
shelters, and other facilities by unproductive stock; and expenditures 
for worthless or inefficient drugs, treatments, and equipment. In most 
areas of the world annual losses from mortality usually represent less 
than 5% of the total gross income from livestock enterprises; whereas, 
morbidity losses are several times larger, especially in the warm cli- 
mates. The skill of the manager is the principal factor in minimizing 
morbidity losses. 

Another important reason for minimizing livestock diseases and 
parasites is the danger of zoonoses— diseases that can be transmitted 
from animals to man. Of more than 200 communicable diseases of ani- 
mals, about one-half are considered infectious to man and more than 
80 are transmitted naturally between vertebrate animals and man. 
Some of the more common ones are undulent fever, tuberculosis, 
cowpox, ringworm, rabies, and anthrax. In certain areas trypanosomia- 
sis and equine encephalomyelitis also threaten human health. In ad- 
dition, man is susceptible to many of the same parasites, as animals, 
including hookworm, roundworm, tapeworm, and flukes. Although 
livestock constitute reservoirs of diseases and parasites affecting 
man, wild animals and rodents are more hazardous than domestic ani- 
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m .,u For instance, rats and mice arc lml.mi.ally llm most important 
sources of zoonoses (Schwabc, 1969) 


CAUSES OF BREAKDOWNS 
IN ANIMAL HEALTH 

Breakdowns m animal health are Kcncrally due. either directly or in- 
directly, to one of five major causes (1) Abnormalities and disorders 
of non infective nature that are inherent in the animal. These may or 
may not he recognized depending upon the environmental condi- 
tions (See Chapter 9), (2) infectious agents, such as v imscs, 
and rickettsia, which may affect an animal at any stage of life, (3) cc o~ 
and endo-parasites, which are a consistent hazard in almost al cn 
vironments, (4) non-mfcctious conditions, such as nutritional dis- 
orders, bloat, milk fever, or mineral and vitamin deficiencies, that on* 
become problems in all env iromnents at an> stage of the animal s Ii e, 
and (5) accidents, such as falls, cuts and abrasions which besides ai- 
fecting the animal’s health directl), may make the animal more sus- 
ceptible to diseases. 


Infectious Agents 

Basically, infectious agents fall into two classifications pathogens, 
including viruses, and protozoa Either type can have debilitating 
effects In the lowland tropics of Latin America, for instance, the 
pathogenic diseases, aftosa, vesicular stomatitis, rabies, hog cholera, 
anthrax, blackleg, and equine encephalomyelitis, all have an eco- 
nomic impact on livestock production Of these, aftosa and v esicular 
stomatitis are most significant An attack of either disease m late gesta- 
tion may cause the animal to abort, and a clinical case in early stages 
of lactation may reduce milk flow to the point that the suckling calf 
dies of starvation The side effects of aftosa may be worse than the 
infection itself In India and elsewhere it has been observed that fol- 
lowing an attack of this disease European breeds of cattle or cross- 
breds with more than 60% European breeding show lower tolerance 
to heat and other stresses The reason has not been determined, but 
since aftosa pnmanly affects epithelial structures of the skin, it prob- 
ably reduces moisture transmission, thus depriving the animal of an 
important cooling device for a hot environment 

In terms of total impact on the cattle economy throughout the 
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world, aftosa is probably the most harmful disease. Where the disease 
is prevalent death losses are only about 5% but the morbidity effects 
are high through loss of milk, growth and abortions. Currently only 
five countries are considered free of aftosa: Canada, the U.S., Mexico, 
New Zealand, and Australia. The disease has spread through other 
countries to varying degrees, depending upon control measures. Few 
countrips have systematic campaigns of vaccination. Argentina, Vene- 
zuela, and Costa Rica claim to have vaccinal protection for up to 80% 
of the bovine population. But in other countries, vaccination does not 
reach more than 40%, and as a result epizootic waves are not uncom- 
mon. Vaccination is less widely used in beef herds than in dairy herds 
because the vaccines in current use are effective for only 4 to 6 
months. This is another reason for lack of use in extensive beef opera- 
tions. Other vaccines under field test appear to hold more promise 
since they are effective for 9 to 12 months or even longer. 

Although the main losses from diseases like aftosa or rinderpest 
are classed as morbidity, others, such as rabies and anthrax, result in 
high mortality. According to FAO data (FAO, 1968), rabies accounts 
for the death of more than 50 thousand cattle per year in Latin Ameri- 
can countries. 

Some of the other more serious pathogenic diseases in warm cli- 
mates are tuberculosis, brucellosis, and swine atrophic rhinitis. The 
most desirable control for these diseases is eradication by slaughter or 
vaccination, but this must be done on a wide basis to be very effective. 
The individual herd or flock owner usually must resort to isolation or 
exclusion of contact of infected animals, slaughter, sanitation, vac- 
cination, induced or acquired immunity or control through prophy- 
lactic feeding of antibiotics (Br. Vet. Assoc., 1962). 

Vaccination has great appeal, but unfortunately few pathogenic 
diseases can be effectively controlled through vaccination. Some of 
those for which good control are claimed, at least in some areas, 
include blackleg, anthrax, brucellosis, hog cholera, Redwater, teta- 
nus, and hemorrhagic septicema. Vaccination has met with limited 
success for rabies, leptospirosis, equine encephalomyelitis, coc- 
cidiosis, and mastitis, as well as numerous other diseases. Though 
vaccination is successful or partially successful for only a few patho- 
genic diseases, it would obviously be more effective if mass inocula- 
tions could be made within a short period and continued on a routine 
basis. But the impracticability of this approach often defeats vaccina- 
tion programs. Another problem is getting a vaccine that will be effec- 
tive against all the pathogenic types of a disease. For instance, an 
anthrax vaccine used in the northern part of the U.S. is not suitable 
against strains occurring in the deep south. The inadequacy of trained 
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manpower and the expense of gelt, ng the programs earned out fhrther 

restrict control by vaccination . 

When to use and not to use vaccination rests to a degree on 
decision of the manager but h.s role is frequently more on it.ca » .con 
trol through other means Isolation is usually effective if the infected 
animal or animals are readily quarantined, since most Pf ho ^‘ c ^ r 
eases are transmitted through animal contact Slaughter is an 
means of arresting the spread of disease Sanitation is important , 
particularly where animal shelters and other facilities are involvea 
Prophylactic treatment with antibiotics to control pathogenic 
gam sms has become standard practice in swine and poultry enter- 
prises Many of the rations employed for young dairy calf feeding in- 
clude antibiotics for the same reason Due to the expense, antibio 
feeding is not recommended for adult animals except as an emergency 


measure to prevent spread of infection 

Some pathogenic diseases may leave animals with temporary or 
permanent immunity against further attack An attack of East Coas 
fever builds permanent immunity, while brucellosis and aftosa are 
two examples where temporary immunity may arise Temporary im- 
munity may also result from an intra utenne transfer of antibodies or 
transfer of antibodies to the young through the dam’s milk Induce 
immunity is not generally recommended, but from a practical stand- 
point it may sometimes serve as a buffer against senous losses Some 
hvestockmen prefer not to use vaccination for the control of brucel- 
losis or aftosa, especially if the disease remains in the general vicinity 
of the farm, because they feel that the nsk of mortality from an out- 
break among highly susceptible animals outweighs the risk of morbid 


lty effects from a few clinical cases 


Test and slaughter are used to control tuberculosis Most coun- 
tries have health laws requiring this practice But for various reasons 
the programs are not really effective, and thus tuberculosis remains a 
threat to both human and animal health throughout the warm climate 
regions 

Brucellosis can generally be controlled through vaccination F° r 
best results it is recommended that cattle be vaccinated between 4 
and 9 months of age Here too, general control is much less than de- 
sired due to inadequacies of systematic programs of vaccination ear- 
ned by many countnes 

Rinderpest is confined pnncipally to southeast Asia and Africa. 
Until recent years nnderpest was the most senous livestock disease 
in India, but a nationwide program of vaccination has been gradually 
reducing its incidence 
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Protozoa Diseases 

Some examples of protozoa diseases are anaplasmosis, Redwater, 
East Coast fever, and trypanosomiasis. These diseases may or may not 
cause high mortality among cattle. Losses depend upon animal sus- 
ceptibility, age, stage of lactation or gestation, and nutritive state. 
They all require an intermediate host since there is little opportunity 
for the protozoa to be transmitted through animal contact. Ticks are 
the most frequent hosts for anaplasmosis and Redwater; however, 
mosquitoes, horseflies, and other biting insects may serve as mechani- 
cal transmitters. The tsetse fly is the primary transmitter of trypano- 
somiasis, and a microparasite (Theleria parva) carried by the brown 
tick ( Rhipicephalus appendiculutus) causes East Coast fever. Losses 
from these diseases can be quite high, as illustrated in Table 13.1. In 
this dairy herd in southern Louisiana, the clinical cases and deaths ac- 
counted for the losses of milk; the total estimated losses in income 
were 12.1% of gross income in 1964 and 6.9% in 1965. 

Protozoa diseases may hit a farm hard one year and then decline 
until the susceptibility of the animals rises again. When susceptibility 
is high a recurring outbreak may occur later as illustrated in Table 
13.2. In this herd there was a high number of clinical cases in 1956 
followed by a low incidence of both death and clinical cases until 
1964. The decline in percentage of reactors after 1960 shows that sus- 
ceptibility of the herd rose. By the end of 1963, 77% of the animals 
showed no titers for anaplasmosis. The high level of susceptibility at 
this point probably led to the severe outbreak in 1964 and the result- 
ing 47 clinical cases and 6 deaths in 1964 (Table 13.2). 

Up to this point vaccination has not proven very effective against 
protozoa diseases. Several vaccines have been tested for anaplas- 


TABLfi 13.1 

Estimated losses (SUS) in income frum a dairy herd infected with anavtasmosis. 



1964 


1965 



Loss 

Value 

Loss 

Value 

Salable milk 

Animals 

58,000 kg 

$7,600 

27,000 kg 

$3,600 

Cows 

6 

1,500 

5 

1,250 

Calves 

5 

50 

0 


Veterinary fees 

Percent of gross income 

12,1 

52-4 

6.9 

642 
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TABLE 13 2 , . . 

Mortality, frequency of clinical cases, and reactors 
or carriers for anaplasmosis by years m a dairy 
herd m Louisiana Herd size ranged from 106 
in 1956 to 195 in 1966 


\ear 

Number of 
clinical cases 

Deaths 

r i 

Reactors 

1956 

29 

3 

59 

1957 

3 

0 

39 

1958 

7 

0 

51 

1959 

5 

3 

55 

1960 

l 

0 

44 

1961 

6 

0 

38 

1962 

13 

3 

26 

1963 

9 

2 

23 

1964 

47 

6 

52 

1965 

9 

5 

35 

1966 

7 

3 

31 


mosis but without acceptable results These were largely killed vac- 
cines Currently there are several other vaccines under test for ana- 
plasmosis Also the feasibility of a vaccine for East Coast fever also 
looks promising Of course, vector eradication or control always helps 
Since vaccination for anaplasmosis is rather ineffective, develop- 
ment of the “carrier state” is often the most practical means of mini- 
mizing serious losses— unless of course, there is a wide area eradica- 
tion or clean up program In Louisiana, all other factors being equal, 
a bull from an anaplasmosis infected herd will sell at a higher price 
than one from a clean herd because of the prevalence of the disease in 
the area and the probability that the bull has acquired some natural 
immunity At an experiment station in northern Colombia, newborn 
calves were removed some distance from their mothers at birth for 
rearing but later when they rejoined the herd at 10 to 12 months of age 
losses from anaplasmosis were high because through isolation the 
heifers had become highly susceptible When the calves were kept in 
the proximity of older animals the number of clinical cases m young 
calves and heifers was much less At present there are no countries in 
the N-S 30° latitudes with effective control programs for anaplasmosis 
-including the U S 


The diseases described above may cause very serious losses 
when the incidence of infection is high But in many situations herd 
or flock losses, both as morbidity and mortality, result from what might 
be classed as “minor infections” or nutritional disorders Scours (in- 
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TABLE 13.3 

Diagnosis and treatment of health disorders of cattle 
in ten veterinary clinics in Colombia in 1959. 


Health problem Percent of total treatments 


Aftosa (vaccination breakdowns) 

22.0 

Enteritis (other than calf scours) 

13.6 

Scours, simple 

13.3 

Scours, infectious 

7.3 

Dictyocaulus (lung worn) 

5.9 

Mastitis 

3.9 

Bloat 

2.9 

Anaplasmosis 

2.6 

Physical injury 

2.2 

Screw worm 

1.6 

Intoxications (various) 

1.5 

Retained placenta 

1.4 

Metritis 

1.3 

Pneumonia 

1.2 

Cocci diosis 

1.0 

Other (60) 

18.2 


Source Adapted from Rockefeller Foundation Report. 1959-60 


fectious or noninfectious type), pneumonia, bronchitis, diarrhea, ring- 
worm, pinkeye, and foot rot very often are the major causes of losses in 
young animals, not only through death but also through retarded de- 
velopment and increased susceptibility to disease in later life. There 
is evidence that a calf that has scours or pneumonia has a three times 
greater chance of serious health problems in later stages of life than a 
healthy calf. A calf that loses a portion of its effective lung capacity 
due to an attack of scours, pneumonia, or bronchitis will often be al- 
most worthless as a lactating animal. This is particularly true in the 
warm climates where temperature stress requires good lung capacity 
for respiratory cooling. 

In lactating cows, such conditions as mastitis, metritis, foot rot, 
milk fever, diarrhea, dystocia, and physical injuries are at least as 
damaging economically as major infectious conditions. In India, 
where rinderpest and aftosa are prevalent, the rate of removal or death 
in one large herd was over five times higher for mastitis than for aftosa. 
Similar observations have been made in Colombia. In areas where the 
prevalance of aftosa and anaplasmosis was high, treatments in both 
dairy and beef herds for these two diseases accounted for only 25% 
of all veterinary treatments in 10 veterinary clinics (Table 13.3). Other 
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infections and nutritional disorders accounted for the majority of 
breakdown's ^ ^ ^ „ hog ch lera can » a he rd or 

flock but the so-called minor diseases and nomnfectious disord 
frequendy of greatest economic significance on a continuing basis 


Non-infectious Diseases 


The greatest losses from non-infectious diseases, such as nutnt ‘“"“' 
disorders, are due to faulty feeding and management For instance, 
of all the pigs bom ,n the U S , approximately 25% are not reared 
marketable age This amounts to about 6% of the total dollar v 
production These losses are due to chilling, failure to nurse, ui) 
and death directly traceable to the sow, and various forms °* e "~" f 
caused by infectious or nutritional factors From a survey of e 
cattle industry in the U S it was estimated that 8-10% of a ca 
were sick annually from one or more nutritional disorders (Ensnung 
°t al , 1955) , 

Although chilling is often not recognized as a problem in bropi 
areas, indirectly it is the major cause of death among pigs, lambs, an 
calves High temperatures may aggravate an illness in the newborn, 
due to hastening of dehydration, but the lower temperatures at mg 
coupled with high humidities, make animals more susceptible o 
health problems Even m the warm climate of the coastal region 
Puerto Rico neonatal pig losses were markedly reduced by the use o 
heat lamps, and somewhat reduced by the use of burlap screens over 
the openings in the walls 

Faulty nutrition can be just as much or more of a problem in warm 
climates as in temperate areas even though the level of feeding may 
be lower For example, rancid oil cake, even when fed in sma 
amounts, can create serious disturbances Poor sanitation is probab y 
the greatest cause as residual feeds left in a manger will often ferment 


after several hours, resulting in problems of toxicity , 

On either drylot feeding or grazing, deficiencies of minerals, sue 
as phosphorus and iodine, or excesses of fluorine or selenium may be 
just as debilitating to livestock as any infectious disease In certain 
areas the development of urinary calculi in sheep may seriously i 01 
pair performance Bloat, milk fever, acetonemia, and grass staggers are 
all considered nutritional diseases Also of significance in a number o 
areas is the hazard to health or death from animals grazing poisonous 
plants {see Chapter 6) 



MANAGEMENT— ANIMAL HEALTH 463 


Internal Parasites 

There are about 300 kinds of internal parasites of economic signifi- 
cance in the U.S., and there may be up to 10 times this number for the 
world. Parasitism exists primarily subclinically and, therefore, brings 
about unnoticed economic losses. This is largely because where in- 
festations occur, parasitism is essentially a herd or flock disease 
rather than of the individual animal. Hence, measures to control 
parasites are effective only if applied to the whole herd or flock as 
though it were a single animal. It requires the judicious use of fea- 
sible, profitable measures to minimize the losses and hazards of 
parasitism. Eradication of most parasitic infestations is usually un- 
feasible in practice, if not impossible and perhaps even undesirable. 
Sanitation, along with medication, appears the most effective meas- 
ures for control. 

The common worm parasites are broadly classified into round- 
worms or nematodes, flukes or trematodes, and tapeworms or ces- 
todes. Unlike bacteria, worm parasites do not multiply within the 
animal; thus the number found in an animal is related to the number 
taken into the body. Animals become infected with roundworms 
principally by grazing contaminated pastures. After ingestion, the 
female roundworms deposit eggs in the stomach and intestines. These 
are passed from the host through the feces. Unless the droppings are 
exposed to sufficient sunlight for rapid drying, the eggs hatch into 
free-living larvae. With favorable temperatures (about 26 to 30°C), 
and moisture (65% relative humidity), the larvae develop into infec- 
tive stage larvae in about 2 or more weeks, depending on the species. 
The larvae migrate onto the grass where they are picked up by the 
grazing animal to complete the cycle. 

Flukes, especially liver flukes, are a problem in lowland areas of 
warm climates. For instance, about 75% of all livers of cattle proc- 
essed in slaughterhouses from herds in low lying areas of Puerto Rico 
are condemned. Chemical treatment can be effective, but fencing off 
or drainage of swampy areas is the best means of maintaining control. 

Tapeworms behave in much the same fashion as roundworms 
with respect to life cycle and transmission. 

Although all three types of worms are capable of killing cattle or 
sheep, their effects on the hosts are very difficult to evaluate. By the 
time the secondary effects — e.g., shaggy hair coat, drooping ears, 
extension of the neck and head when standing, or extreme emaciation 
—are evident, the chances of the animal returning to normal perform- 
ance are rather slim. Parasites rob the animal of nutrients and do harm 



464 MANAGING 


THE LIVESTOCK ENTERPRISE 

to vital organs They also make them m ° r “ "^J^^^on'oTde- 
bactena or other disease producing with 

veloping parasitic rvonns through organs and tissues mtenen 
normal body functions, resulting in poor utilization of pashr , 


and space (Ciordia, 1969) 

Factors conducive to parasitism are warm, 
stocking rates, 


humid climates heavy 


onoucive pniMiuim. - CC~ a Avntr 

stocking .»»s, overgrazing, inadequate feed or low levels offending, 
moving animals in from another area that have not been previousy 
exposed to parasites, grazing animals of varying a S e * S1 ™“ . a 

on the same pasture, poor sanitary conditions around shelter , 
low state of general health The control of parasitic infections ! 
principally a problem of livestock and land management to break tn 
life cycle of the parasite Treatment of host animals with chemicals 
therapeutic but not of great help in prevention Parasites are m 
vulnerable during the egg or larva stage 

Under grazing conditions, contamination can be prevented 
eliminated through such practices as light stocking, resting an ro 
tion of grazing, herd separation, and sometimes chemical disinrec 101 
The season at which animals are marketed can influence ^ e ^ ev 5 ? 
infestation Parasites are usually most prevalent near the end o ic 
rainy season For this reason sale of older animals and reinova ° 
young stock to cleaner areas helps in control The length of the ry 
season is also a factor m the control of parasites . 

There is evidence that immunity to internal parasites can be bui 
up in animals If >oung animals are not exposed to a large number o 
larvae, they will become partially immunized and have fewer worms 
later Very young animals have few parasites even on infected pas 
tures After 2 or 3 months, infestation in calves may increase rapid ^ 
up to about 9 months of age and more slowly thereafter At about 
months of age the incidence of worms tends to decrease In man> 
warm, humid areas, young calves may be reared on concrete floors 
with good sanitary control and then suddenly they are placed on an 
infested pasture If at this time the animals are expected to obtain 
their feed from grazing, the pick up of parasites will be very rapi > 
and frequently with toxic effects When such quick transitions are 
made, continuation of concentrate feeding is recommended to lessen 
the buildup of parasites 

Since the eggs and larvae of parasites are found in the amnia 
droppings, efforts should be made to prevent the accumulation ° 
droppings in housing and around watering places When contro 
through prevention is not practical, the animals should be treated 
anthelmintic drugs However, treatment alone should not be relic 
upon to prevent outbreaks or to cure weakened animals Anthel- 



MANAGEMENT— ANIMAL HEALTH 465 


mintics are most efficient when used as an adjunct to other control 
measures. Phenothiazine, given by drench or in concentrate feeds, 
has long been the principal drug for treatment of ruminants. It is pref- 
erable to use it as drench to insure that each animal gets the recom- 
mended dosage. This is because control with ingestion through feed- 
ing has not met with much success. Twenty grams per 50 kg body 
weight is recommended up to a maximum of 60 grams per treatment. 
A disadvantage of phenothiazine is that it does not work well against 
a number of parasites. 

Organo-phosphorus compounds have been tested as anthelmin- 
tics in cattle and sheep. They are effective but toxicity to the animal 
restricts their use. Thibenzole is the drug currently preferred. Suc- 
cessful results with this compound have been obtained in Argentina, 
Brazil, South Africa, Venezuela, Britain, and the U.S. It is active 
against many parasites in a wide range of hosts, works on immature 
worms as well as adults, and is well tolerated by the host. Like pheno- 
thiazine it is used as a drench at the rate of 5 grams per 50 kg body 
weight. L-Tetramisole (Tramisol) and parbendazole are two other 
drugs that have given good results. Sodium fluoride is frequently 
used for control of roundworms in swine. Antibiotics— e.g., aureo- 
mycin and terramycin — have also been employed for pigs and calves, 
but the dosages required are prohibitive in cost for adult cattle. Vac- 
cines made from killed larvae have been tried, but so far they have not 
been widely accepted. Treatment with drugs is usually at 3 to 6 week 
intervals depending upon the infection. 

Some claim that anthelmintics should not be used at all, arguing 
that healthy animals can cope with some infestation of helminths, 
thus they are capable of keeping the level of parasitism in check. The 
premise is that treatment would make the animals more susceptible. 
Such may work if precautionary control measures are practiced. Other 
arguments against treatment are that once it is started it must be con- 
tinued to avoid reinfestation and that treatment of animals under ex- 
tensive grazing conditions is impractical, especially since animals on 
extensive grazing continuously are not nearly as likely to have serious 
parasite problems. These are valid arguments and may prove satisfac- 
tory in some instances. On the other hand, in many areas treatment to 
reduce infestation plus measures for control are most practical. 

Treatment of emaciated animals with drugs is not wise unless 
there is good evidence that parasites exist. Drugs given at the recom- 
mended dosages can be highly toxic to very undernourished animals. 
Before treatment, it would be wise to put such animals on better feed- 
ing to prevent toxicity and perhaps death. Even though low levels of 
feeding are conducive to problems of internal parasites, it should be 
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kept m mind that on good graz.ng the problems may be i equal or 
greater Also, since the application of fertilizers and * achons 
proved species of grasses permit higher stocking rates, 
may increase the incidence of internal parasites 


External Parasites 

External, or arthropod, parasites impair the maximum efficiency °f 
livestock as a nuisance They may serve as transmitters of d seasea 
decrease the quality of livestock products There are several thousanu 
species, but less than one hundred are considered hindrances to 
stock production Economic losses from arthropods are usually g 
in the warn climates— more from morbidity than mortality, unles 
parasite transmits a disease Morbidity losses are principally Tom 
duced feeding, resulting in reduced rate of gain Cattle treate to co 
trol horn flies have gained 5 to 20 kg more per month on pasture 
nontreated contemporaries , 

The need for protecting livestock against arthropods is recognize 
even under the most primitive systems of livestock keeping It is com 
mon practice among some groups in Africa to put their cattle un er 
shade for protection against the midday sun While there, smo e i 
provided to curtail annoyance from flies Indian villagers keep their 
dung cake fires going well into the night to help keep mosquitoes 
away from their cattle Children are frequently assigned the tas o 
washing or dousing the livestock with water during the day to rep 
insects as well as to cool the animals 

Many kinds of arthropods suck the blood of animals while others 
destroy body tissues The bloodsucking parasites are most numerous 
They include mosquitoes, gnats, flies, lice, and ticks The annoyance 


from mosquitoes and flies causes cattle on grazing to congregate 


and 


use the proximity of each other to aid in freeing themselves from the 
irritations of the insects, thus feeding time is decreased Some para 
sites may produce toxins, which are injected into the host during 
the process of piercing the skm to suck blood, these may create severe 
local skin reactions 

Some arthropods are more adapted to temperate climates— e g • 
horseflies {Tabarudes spp ) and lice Horseflies are less prevalent in 
the tropics because ants feed on their larvae However, lice are con- 
sidered one of the major problems for sheep in northern Australia. 
They also do damage to Angora goats in southern Asia. Poultry h ce 
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are a worldwide phenomenon, creating especially serious problems 
among poultry in confined housing in the tropics. Insects such as lice, 
which live on the animal, are easier to control than flying insects. 

Larvae of cattle grubs ( Dermatobia spp.) cause damage to cattle 
hides. The adult female fly may deposit eggs on the hair coat of the 
animal or on other flies or mosquitoes, which transmit the eggs to the 
animal. If the eggs are laid on the surface of the animal, the larvae 
penetrate the skin and migrate through the animal’s body eventually 
coming to rest along the dorsal surface. As soon as they reach this sur- 
face they open holes through the skin for respiration and eventually 
emerge through these openings as developed larvae. When they 
drop to the ground, they hatch and begin the cycle over. They are 
best controlled by dusting an insecticide on the back of the animal 
near the time they are expected to emerge. 

There are several species of screwworm; one is prevalent in the 
Americas, another in Africa, and still another in Australia. All prefer 
to deposit their eggs on wounds and the larvae feed on the flesh until 
they are fully developed. Thousands of larvae may be in a wound after 
a few days. They will destroy tissue and consume blood and lymph 
until the animal dies. Biological control for screwworm has been ef- 
fective in the southern U.S. and is now being attempted in other areas. 
This consists of releasing large numbers of laboratory reared, steri- 
lized male flies during the peak of the mating season. The sterilized 
males, if released in large enough numbers, conduct most of the mat- 
ings-, thus it is possible to eradicate the flies after a few generations. 
Where screwworm is a serious problem, attention at calving is a good 
practice since dipping of the naval in an iodine solution quickly dries 
up the cord. 

Fleeceworms are caused by flies similar to screwworms. They lay 
eggs on soiled wool of sheep. The larvae feed on the surface of the 
skin and cause severe annoyance. Like screwworms, fleeceworms can 
kill infested animals unless infestations are treated promptly. 

Hornflies (buffalo flies) are blood suckers but they do not transmit 
disease. Nevertheless, heavy infestations will be a nuisance to the 
point of lowering production. These occur almost everywhere. 

Midges ( Culicoides spp.) transmit the virus for blue tongue. They 
are extremely small flies, breed in low lying, wet areas, and mainly 
affect sheep, although they attack cattle too. 

There are many types of mosquitoes. Some are known to transmit 
Rift-Valley fever to sheep and cattle. In some areas they have been 
identified as a vector for anaplasmosis, not by passing the organisms 
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through their body, but by 


mechanical transfer of blood from one 


The bio major disease transmitting arthropods are the Sefcefly 
and the tick Africa has been known for its tsetse By, wh.ch tmnsmib 
surra and nagana, or trypanosomiasis, to cattle, horses, sheep , .8 
and pigs, and African sleeping sickness toman There ar 
20 species of tsetse in tropical Afnca. The species CloMima i spp 
seems to be the most widespread These flies are principally ft 
feeders but they will also bite on moonlight nights In the dry g 
they persist in the vicinity of watering points However, they pre 

more humid areas w ith tree or bush covering 

The tsetse Hy needs a blood meal at regular intervals and requires 
a resting area hence shows preference for trees or brush The arvae 
in the pupa stage requires shade and moisture The tsetse ree 
slowly It has a simple but almost invulnerable life cycle of two stages 
—adult and larvae The adult lives for several months as a flying msec 
while the larva, in its pupa, is imbedded in moist soil or rotted p an 
material For all practical purposes, the larva pupa stages can e 
attacked only through the adult as the larvae do not feed 

Control of tsetse requires area clearance to be effective This gen 
erally means that governmental assistance is needed Brush clearance, 
distration and removal of game and other hosts, and chemical means 
are the usual control methods DDT sprayed by aircraft at 3 -week in 
tervals has given 92% control in limited areas (WHO, 1964), but the 
general use of chemicals is prohibitively expensive Besides, the 
tsetse rapidly builds up resistance to chemicals Species that locate at 
water points (e g , G tachtnotdes) can be controlled by complete 
cleanng of trees up to 2 km but unless the cleared area is at least 0 o 
km wide, the flies use sight and movement to find hosts Trap insecti 
cides and burning arc also recommended for this species For the 
C morutans, which prefer the savanna areas with patches of bush an 
moderate to heavy shade spraying is not very effective, therefore, 
control is brought about by bush cleanng, destruction of w lid animals, 
and regulation of human settlement 

Since tsetse flies feed pnmanly dunng the day, grazing at night 
and moving the animals to cleared areas in the day help Control o 
tsetse flics is involved and costly, so control measures will generall> 
pa> only under intensive farming systems The use of sterile males to 
control tsetse is attractive, but because of the tendency of adult flics 
to scatter it would be almost impossible to produce enough males (of 
vcr> far reaching control Eradication seems to be the answer, but how 
best to bring this about has not been resolv ed 
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The ability of ticks to transmit many diseases to their offspring by 
transovarian transmission is a principal reason why they are so detri- 
mental. With this capability there is no need for each generation to 
pick up the disease(s) from infected hosts. There are many species of 
ticks, but about eight are the major disease transmitters. The blue 
tick ( Boophilus spp.) is a carrier of Redwater and anaplasmosis; the 
red tick (Rhipicephalus evertsi ) is a transmitter of Redwater, East 
Coast fever, and anaplasmosis; and the brown tick ( Rhipicephalus 
appendiculatus) is a carrier of East Coast fever, anaplasmosis, Red- 
water, and Nairobi sheep disease. These three species are the worst 
offenders. They all attack cattle, sheep, goats, and horses. 

Tick control consists of periodic dipping and spraying with in- 
secticides. Toxaphane is an effective insecticide, but several insecti- 
cides must be used because ticks quickly build up resistance. Full 
plunge dipping is preferred since it gives the best coverage of the ani- 
mal’s body, but has the disadvantages of sanitation problems, requires 
a large volume of material, and increases the danger of injuries. In 
some countries, such as Uganda, dipping tanks are made only one 
meter in depth. This provides coverage of the lower body. As the ani- 
mals emerge from the tank they are sprayed over the top. Such seems 
preferable from several standpoints to full plunge or spraying only. 
Dipping or spraying is recommended at 14 day intervals for one host 
ticks, 7 days for two host ticks, and 5 to 7 days for three host ticks. 
But these intervals should be halved when programs are being initi- 
ated to markedly reduce ticks and control transmission of disease. 
This becomes expensive. Treatment is more important at the begin- 
ning of the tick season for some species because it is easier to control 
the number of off season ticks before reproduction builds up the num- 
bers and both stages — on and off the animals — are occurring. 

Ticks with more than one host are harder to control because they 
spend only part of the time on the domestic animals and exist in re- 
serve numbers on uncontrolled secondary hosts. These ticks are par- 
ticularly hard to control while on small ground animals. Unlike tsetse 
flies, ticks are limited in their range and movement by the hosts them- 
selves. 

In Australia, management practices have drastically reduced the 
number of blue ticks, thereby lessening the need for regular dipping. 
The recommendations were based on the unfavorable conditions for 
the immature or seed ticks from the time the eggs are laid until attach- 
ment on the animal. By using pasture spelling, livestock operators 
destocked long enough so that most of the immature ticks died with- 
out finding a host (CSIRO, 1959). The resting period of the pasture 
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Some agents for control of external parasites 


Compound 

Parasites 


Cattle grub, screwworm, lice 

Bayer 13/59 

Cattle grub, screwworm, lice 

BI1C 

Lice, mites ticks, sheep led 

BUG and DDT 

Ticks 

Chloradane 

Lice ticks, fleas, mange 

Chlorothion 

Cattle grub, screwworm, lice 

Diazinon 

Woll maggots, sheep Weds lice 

Ditldnn 

Cattle grub, screwworm, lice 

DDT 

Homflics, lice, fleas 

DDT and lindane 

Ticks 

EQ 335 

Screwworm 

Hcptachlor 

Cattle grub, screwworm, lice 

Malathion 

Cattle grub screwworm lice 

Mcthnxychlor 

Homflics, lite fleas 

Pcrthane 

Cattle grub screwworm lice 

Pyrethrum 

Paralytic for most biting insects 

Rotenonc 

Cattle grub lice fleas 

Strobane 

Cattle grub screwworm lice 

Toxaphane 

Variety of pests including ticks 


must be 3 to 4 months for this program to be effective The customary 
2- to 3-week rotational grazing pattern will contnbute little to tick 
control The animals should, of course, be redipped before returning 
to a rested pasture Burning of grasslands can also be used at times as 
and aid in tick control 

Table 13 4 lists some agents recommended for the control of ticks 
and other arthropods, along with the species they may be employed 
against 

The vampire bat ( Desmodus nufus) is not an arthropod, but it 
feeds on the blood of animals and man and transmits rabies In some 
of the lowland areas of Latin Amenca, cattle cannot be left in the 
open at night because bats will attack them as they are resting The 
bats prefer the soft areas of skin around the vulva and the udder Once 
the skin is broken the bats gnaw the flesh to open up large wounds, 
which permit infections or introduction of rabies European breeds 
of cattle seem more susceptible to attack than Zebu or local Criollo 
types 

In warm, humid areas wounds heal slowly lengthening the ani- 
mals susceptibility to infections, introduction of flies of the screw- 
worm type and others as well as attacks by bats However, ticks will 
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not usually invade a wound; they prefer to make their own penetra- 
tions through die skin. 

Photosensitization is a disease usually associated with exposure 
to sunlight. But porphyrinemia (porphyrins in the blood) and toxins 
from plants and biting parasites can also result in photosensitization. 
Animals with light pigmented skin are most susceptible. There is 
some evidence of an inherited susceptibility in Southdown sheep, 
cattle, and pigs. The condition causes the epidermal layers of the skin 
to become encrusted; the outer skin and hair coat slough off to the 
point that the animal may die from exposure of the dermal layers and 
loss of body fluids. This disease is fairly rare among livestock in- 
digenous to the tropics. European breeds of cattle with non-pig- 
mented skin and white pigs, such as Landrace or Yorkshire, are most 
susceptible. If recognized in time the condition may be arrested by 
sheltering the animal from the sun. But once the condition occurs, the 
animal will probably repeat if exposed to sunlight. 


SUSCEPTIBILITY TO DISEASE 

Although there is little evidence of direct genetic resistance to 
disease, immunity to a disease process may be built up in certain 
animals to an appreciable extent through contact with limited amounts 
of infection. The contact may be either natural (e.g., through feeding) 
or artificial (e.g., through vaccination). Most of the resistance shown 
by various breeds to certain diseases is probably due to the intra- 
uterine environment. This seems to explain the resistance to anaplas- 
mosis, vesicular stomatis, East Coast fever and, to a lesser extent, foot 
and mouth disease. Also as pointed out in Chapter 9, the characteristic 
skin and hair coat of cattle are important indirectly for susceptibility 
to the invasion of disease organisms. 

Another factor that may play a role in resistance is the ability of 
animals to develop their immunological defense mechanisms at an 
early age. The thymus gland seems to play an important role in such 
development. There is evidence from mice, man, and cattle that there 
may be inherent individual and breed differences in the ability to 
build up defenses against later invasions by disease organisms. If this 
is true, it may be that indigenous stocks show more immunity to dis- 
ease because of the selective breeding resulting from the pressures of 
the tropical environment. 

Swine are probably susceptible to a greater number of diseases 
than other domestic livestock and many more of these diseases are 
transmissible to man. Sheep and goats are susceptible to nearly all of 



472 


MANAGING THE LIVESTOCK ENTERPRISE 


the diseases that affl.ct eattle. as well as a few are peculiar to the.r 
species Thus, for most environments, no one species seems t 
a marked advantage over the others in resistance to disease. 

Age seems to he a major factor m susceptibility, with the very 
young and very old having the least tolerance. Cattle show e 
greatest resistance to disease between 1 and 1 years, the perm 
tween 1 and 2 years being best. Tins has been clearly demonstrated 
in the transfer of cattle from temperate to tropical areas It is recom- 
mended that cattle he under 2 years of age when introduced into an 
anaplasmosis area and that the introduction he made at the owe 


vector season 

Age also is a factor in nonspecific resistance to stress Baby pig 
under 2 weeks of age suffering from transmissible gastroenteritis may 
have 90-100% mortality, whereas mature swine suffering from the 
same disease, may have under 1% mortality 

Animals in good condition are generally more resistant to in- 
fections Nevertheless, susceptibility can be increased m any amnia 
from overwork, faulty nutrition, heat, cold, high humidity, air move- 
ment, and poor sanitation 

Most countries have restrictions on the movement of animals de- 
signed to keep highly susceptible animals from exposure to diseases 
for which they have no immunity The restrictions sometimes involve 
traffic within the country, but more often the> are concerned "d* 1 
regulating animals coming into the country Countries of the temperate 
zone generally have very stringent regulations, especially for animals 
coming in from tropical areas But the restrictions imposed by many 
tropical countries are not nearly as well defined nor as limiting on 
health requirements for newly introduced animals To date, vve are 
not aware of many serious disease epidemics arising among stocks in 
the tropics from outside animals, but some diseases, such as New 
Castle disease, have become prevalent after introductions of poultry 
from temperate areas 


More disease problems may arise in the tropics in the future as 
the result of livestock importation There is some evidence now, f° r 
example, that Johne s disease, or paratuberculosis, may he spreading 
among sheep in areas of the Middle East The disease had not been 
identified in the area before importation began Johne’s occurs m 
several areas of the U S , but it frequently goes unrecognized because 
the symptoms are similar to those of parasitism, molybdenosis, and 
malnutrition At present there is no routine herd or flock testing re- 
quire Infected animals may go out of the area without recognition 
Incubation of the disease may require years m the new environment 
mtected animals have been used in a seedstock herd or flock, am- 
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mals capable of transmitting Johne’s may be widely dispersed among 
the local herds. 

The potential of the spread of a disease like Johne’s among a 
susceptible animal population illustrates the need for precaution in 
bringing new animals into a herd or flock, no matter the source. An 
organism to which one herd is immune could go rampant through an- 
other herd nearby. Clearly, all new animals should be tested insofar* 
as possible before purchase and, when brought on the farm premises, 
isolated from the other animals and closely observed before being al- 
lowed to come into contact with the others. 


HEALTH PROBLEMS IN 
INTENSIVE ENTERPRISES 

Rearing in close confinement in poultry and swine units has increased 
production efficiency but this system has also presented new health 
problems. These problems may result from high airborne infections, 
more frequent contact, poor sanitation, and perhaps lowered resist' 
ance caused by an above average concentration of ammonia in the 
air. Similar problems occur in cattle confined to small lots for fatten' 
ing or in concentrated dairy operations. Animal health problems fos' 
tered by close confinement are foot rot, mastitis, diarrhea, vesicular 
stomatitis, aftosa, leptospirosis, mycobacterial skin lesions, various 
skin diseases, external parasites, intestinal disorders and coccidiosis. 
High standards of sanitation are required at all times to keep out- 
breaks of some of these health disorders from going rampant through 
a herd. During the wet season, however, high standards of sanitation 
are very difficult to maintain; consequently, the likeliness of disease is 
great. 

If young dairy calves are penned together, constant attention is 
required to prevent rapid spread of diseases. This is the main reason 
for the recommendation that young calves be kept in individual pens 
for at least the first month. Meticulous sanitation, adequate nutrition, 
and perhaps disease prophylaxis are required to minimize health 
problems among artificially reared calves. 


SANITATION 

Sanitation has been mentioned repeatedly as a means of minimizing 
health problems. Ultimately, it is the most effective method for con- 
trolling disease. But few people really know what constitutes good 
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samtabon In order for san.tat.on to be effecbve in livestock enter- 
pnses, one must know what proper clean.ng .s, why .t .s .mportant, 
and how it can be accomplished effectively 

The only reliable means of destroying disease organisms 
parasites in certain stages is cleaning and disinfecting But the a 
has little effectiveness unless the surface is first cleaned 1 be uc 
cleanser and disinfectant depend upon the type of surface Lye, cau 
he soda, creosol, and chlonne compounds are most commonly 
ployed, along with liberal applications of water and detergents or 
cleaning No matter how primitive the situation, there are usual y 
some means of maintaining reasonably good sanitary standards om 
pounds that are available almost everywhere are lime and some torm 
of oil products Kerosene or diesel fuel may be used as an effective 
spray to control lice m and around a livestock shelter and they rp a y 
be used on the ground or bodies of water to prevent emergence of in- 
sect larvae Sunshine is another very effective agent, and even chang- 
ing the earth in certain situations has proven helpful The latter proce- 
dure is standard practice in Egypt as a means of maintaining g°° 
herd health as well as making the most efficient use of animal waste 
for soil fertility 

Usually some relatively cheap disinfectant is available, which, 
if properly employed in conjunction with cleaning, will be effective 
against many of the major health problems Good sanitation practices 
also enhance the value of therapeutic agents The Merck Veterinary 
Manual (Schwabe, 1969) and similar publications are good resources 
for recommendations on sanitizing, therapeutic agents, treatment 
procedures, and identification of disease conditions 

Livestockmen are aware of at least some of their unrealized m 


come from animal health problems, and they respond to economic in- 
centives They are generally receptive to guidance on alleviating 
breakdowns in animal health Consequently, program planners f or 
livestock development frequently make some measure(s) of disease 
and parasite control a feature of governmental assistance 
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General Management 
Considerations 


Oftentimes substantial improvements in livestock performance can 
be realized through planning, especially with respect to matching 
projected feed supplies to animal needs, and to protection of animals 
from the extremes of the environment. The ensuing discussion deals 
with management of feed resources and means of reducing the impact 
of the usual physical environment of warm climates on livestock. 


PLANNING A FEED BUDGET 

A feed budget consists of planning ahead on feed resources. It usually 
has one of two objectives: (1) the provision of nutritive requirements 
for a predetermined number of livestock over a one year period or 
longer, or (2) the most efficient use of already available feed resources. 
An operator may have 50 cows which he expects to calve during a cer- 
tain season; he anticipates weaning the calves at a given time and at a 
minimum body weight. Or he may have a dairy herd and hopes to 
produce a certain amount of milk per day. On the other hand, an op- 
erator may have an area for grazing that he wants to convert as effi- 



478 


MANAGING THE LIVESTOCK ENTERPRISE 


Days^of grazing per year available from both temporary and pc nnam nt pasture* 
used for dairy cattle at vxpinmint stations in Louisiana 


Forage values \tontht 

Quantity Quahtif } f \t A \t J J AS 


Surplus Excellent 24 

Adequate Good !i__ 

Adequate Fair* 25 14 7 

Deficient Fair 
Deficient Poor 

Total 25 28 31 


17 

0 15 

21 vTi~Ti 

15 

16 30 

30 31 30 31 31 30 


Craztni; r « °f 

O days t° ta * 


23 31 05 

38 


31 

31 


77 ~ 

352 1°° 


Source Adapted from C ro»« 1963 

• Bated on daily equation! of quantity and quality o( £ia /in* ai» laUe living ltandard utirifiK «y»ttm 
•Level of quant ty and quality beyond <*h*h forage* from other wiurre* w uld lie irquired to pro* vile tlie 
dev red total feed energy per day tiom forage 


ciently as possible into livestock products His feed budget wou 
thus consist of an estimate of the number of animals that could be 
earned most effectively by the forages likely to be available within a 
given time 

Table 14 1, based on experiences in southern Louisiana with 
supplying forages for a dairy herd, illustrates the value of a feed 
budget With a combination of crops, grazing could be made available 
throughout the year, but effective use was restricted to about 350 
days by problems of extreme wetness Even so, the forage supplies 
were sufficient in quality and quantity to provide maintenance re- 
quirements for the cow plus 5 kg of milk per day for only 133 days 
(38% of the time), with 41 of these days between April and October 
(The honzontal broken line in the table shows where changes m 
quality and quantity of the forages required additional supplements 
for total nutrient needs) During most of the year supplementary f° r " 
ages, as hay or silage, became necessary to avoid serious seasonal 
fluctuations in performance Silage was made from both the surpluses 
of pasture in March and April and the crops planted on a small por- 
tion of the land especially for silage making 

In planning the feed budget, it should be kept in mind that dif- 
ferent species of livestock need different feeding plans Poultry do 
not make very efficient use of pastures They can utilize local feed 
resources well only if those feeds have a high energy content The 
planning for swine should be along the same lines as for poultry 
There must be sources of concentrates with good quality protein to 
make swine a suitable livestock enterprise Well fertilized pastures 
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may be used for sows and boars, but growing pigs need relatively 
high quality feed for efficient performance. 

In a dairy enterprise, the young calf should be separated from its 
mother soon after birth, and from birth to 6 months of age it should 
have high quality feed with a reasonable good protein content Calves 
can utilize high quality grass at 1 month of age, but they should weigh 
130-160 kg, depending on breed, before they can make satisfactory 
growth on forage alone. And there must be abundant roughage of good 
quality for adequate animal growth (0.5 kg or more). In the late stages 
of pregnancy (7 months or later) heifers need more and better quality 
feed than previously. Non-lactating cows can be fed about the same as 
growing heifers except in the late stages of pregnancy, when they 
need a feeding regime similar to that for pregnant heifers. Lactating 
cows will generally require forages plus concentrates for efficient 
production levels. 

In beef operations, calves can usually make satisfactory gains on 
milk alone from birth to weaning if the supply is adequate. They will 
also make some use of the available grazing. Heifers expected to be 
used as herd replacements need treatment similar to dairy heifers. 
Beef cows, on the other hand, can absorb fluctuations up to 20% in 
body weight without serious consequences, provided management is 
such that these animals are gaining during the late months of preg- 
nancy and are well fed in the early weeks of lactation. 

Steers may be handled in either of two ways: (1) kept in a con- 
tinuous gaining state from weaning to time of sale or (2) allowed al- 
ternate periods of gains. For continuous growth, the animals should 
receive sufficient feed for gains of at least 0.6 kg per day in order to 
be profitable. If feeding is below this level, too great a proportion of 
the feed is used for maintenance purposes. It takes reasonably good 
quality forages to attain this level of gain. Alternatively, the animals 
may be kept on feeding slightly above maintenance level — at least 
0.2 kg per day — from weaning until 1 year of age or later, then put on a 
feeding regime that will provide continuous gains of 0.6 kg or better 
per day. If the period of low gain or maintenance is continued too 
long, economic losses will be high because of the vast amount of feed 
required for maintenance purposes. 

Lambs that are to be marketed at a young age must be kept in a 
continuous gaining state; whereas ewes, lambs, or wethers main- 
tained for wool production can tolerate slower rates of growth. Never- 
theless, seasonal body weight losses during the growing stages should 
not exceed 10-15%. Ewes may be treated very much like beef cows; 
that is, they may be permitted periods of losses in body weight pro- 
vided they are gaining in the late prepartum and early postpartum 
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periods However, weight lo.se, above 20% w.U mater, ally affect 
wool production, as the fibers will become brittle and lifeless, pro i- 
ably because of a decline in the rate of sebaceous secretion brought 
about by die low nutritional level The flock kept for wool production 
can often be maintained on forages alone if their quantity and quality 
is fair to good, but for mutton production, the forages must be good to 
excellent in quality to produce satisfactory carcasses 

The final feed budget, beyond providing for the anticipated re- 
quirements of the livestock, must have flexibility to meet unexpecte 
fluctuations brought about by rainfall, and the operator must maintain 
constant vigilance to see that shifts of feed supplies are executed be- 
fore senous losses of weight or milk yield result 


MANAGEMENT OF GRAZING 

Grazing management may be described as the art of arranging the 
optimum relationship between available forage and grazing animals 
In most livestock enterprises, this amounts to matching near constant 
animal numbers to a widely fluctuating forage supply Attempts to 
accomplish this through a too simple grazing system results eidier in 
excessive waste of forage during lush growth periods or in under- 
feeding dunng periods of reduced forage growth — neither of which is 
acceptable, especially if animals are being produced for sale 


Range and Communal Grazing Lands 

Experimental evidence indicates that some form of rotational grazing 
is usually preferable to continuous grazing Even on unfenced range- 
lands benefits have been realized from labor employed in moving the 
herd or flock to a new area before the forages are overly grazed But 
control of grazing is rare on unfenced range and communal grazing 
lands In remote areas the deterrents are the costs of inputs required 
in relation to utility and the lack of structural operation procedures 
For example, the Llanos region of the central portion of South Amer- 
ica is remote from markets and sources of materials needed to impro\e 
the grasslands, e g fertilizer and wire for fencing, and there are no 
programs for regular destocking in this region Regular schedules are 
olten unfeasible because the cattle are owned by family groups and no 
one person has the power of decision on when to sell Also tribal 
ft £ n grazing lands frequently inhibits their best use Tribes, 
ike the Bassan of Southern Iran have vested authority tn their tribal 
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council for decisions on when to move camp and route of migration, 
but regulation of stocking remains a decision within the families 
except in extreme emergencies. 

Although communal grazing lands are among the most neglected 
forage resources, traditional grazing practices will continue unless 
changes are induced from outside— principally through efforts to 
make marketing more attractive. The objective would be to establish 
a program that could lead to systematic destocking and in turn pro- 
mote more efficient utilization of the forages available. This should 
in turn lead to acceptance of ideas for restoration of grasses and regula- 
tion of stocking rates. 

Open range grazing could be improved greatly in several ways. 
Stocking rates could be reduced to V 2 or for two or more years to 
allow recovery of the grasses. However, this period must be followed 
by a balanced stocking rate otherwise the cycle will repeat. Shifting 
of stock about on the range will frequently pay dividends by prevent- 
ing extreme overgrazing in some areas. This type of management is 
currently recommended in several countries. 

Even though the costs of fencing, fertilizer and replanting are 
expensive, experience in southwestern U.S., Mexico, Costa Rica, 
Colombia and Australia have shown economic gains from intensifica- 
tion on small tracts of individual farms. The practices employed range 
from fencing off tracts to prevent grazing until the dry season to en- 
closing tracts needed to improve grasses. The economic benefits arise 
in several ways. Some livestockmen use the enclosed pastures prin- 
cipally during the time most of the females are expected to calve or 
lamb. This has permitted control of the herd or flock so more attention 
could be given at the time of parturition to reduce losses of both young 
and the mothers. Other stockmen have used the small areas to mini- 
mize weight losses of fattening animals during the dry season. This 
helps reduce time to reach market weight and thereby reduce the total 
feed energy required for these animals while they are on the farm. 


Other Grasslands 

As the level of forage production increases, management of the forage 
becomes more critical. Adjustments of the periodic imbalances of 
forage supply and animal requirements have been accomplished 
largely by two means: (1) integrated use of a succession of pasture 
crops having different seasonal growth patterns, as protrayed in Fig- 
ure 14.1 and (2) conservation of excess forage to provide feed during 
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Glycine / avamca 

_ Paspalm dilutitutum 

Tnfohum suberraneum 

— — Vicia sativa 



FIGURE 14 1 

Feed-year system, recommended for pastures in subtropical Australia, 
capitalizing on the seasonal growth patterns of one grass Paspalm 
diluttlutum and three legumes (Adapted from Hudson ef al . 1965) 



Months 

FIGURE 14 2 

Diagrammatic portray al of pnnciples of fodder conservation 
(Adapted from Bonsma and Joubert. 1957) 
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periods of restricted forage availability and to insure best use of the 
total forage yields, as illustrated in Figure 14.2. All successful graz- 
ing systems utilize at least one of these adjustment mechanisms and 
many use both (see Chapter 6). 

The standard concept of good pasture management includes rota- 
tional grazing, periodic clipping of weeds and mature growth, and 
harrowing to spread droppings. But there remain the questions: 
Which is the best system of rotation? How frequently should mowing 
be done and at what height for various pasture species? Should large 
numbers of animals be used to graze a small field quickly, or should 
small numbers be used over longer periods? Should fertilizer be ap- 
plied, and if so, what kind, and how much? Should grass be used alone 
or in grass-legume mixtures? Under what circumstances should 
temporary pastures be employed? Recommendations for each ques- 
tion vary widely. 


Rotational Grazing 

For medium to high rainfall areas, the value of rotational grazing 
is debatable. In Australia, continuous grazing is now fully accepted as 
one of the effective systems under which pasture may be utilized. 
However, dairy operators have been slower in adopting continuous 
grazing although only 7% advantage has been demonstrated for rota- 
tional grazing (McMeekan and Walshe, 1963). In the Cauca Valley of 
Colombia, steers on continuous grazing of Pangola grass, fertilized 
with 150 kg nitrogen per hectare, gained nearly as rapidly over 333 
day periods (0.53 to 0.60 kg/day) as those on a three plot rotational 
system (0.58 to 0.65 kg/day). In the Llanos region of Colombia, steers 
grazing continuously on unfertilized molasses grass did as well as 
those on rotational grazing using a similar area per animal (Ayala, 
1969). Studies in Uganda comparing continuous grazing of East Afri- 
can Zebu steers to rotational grazing on six paddocks showed no major 
benefits for rotational grazing over a four-year period. Only when the 
quantity of available herbage was low did rotational grazing show 
advantages over continuous grazing. In contrast, tests in Puerto Rico 
using four species of grasses under heavy fertilization showed definite 
advantages in favor of rotational grazing. The gains of dairy heifers 
and die yields of lactating cows were higher from grazing small pas- 
tures for 3 to 5 days and allowing a 21-day rest period than from con- 
tinuous grazing (Caro-Costas et ah, 1965). Apparently fertilization 
makes the difference. If medium to high levels of fertilizer are ap- 



484 


MANAGING THE LIVESTOCK ENTERPRISE 


plied, animal gains per hectare are higher with alternate grazing But 
performance per animal may be similar for alternate an c 
grazing methods in the absence of fertilizer 

Output per hectare is greatest where grazing is temporarily de- 
ferred until the plants have made a good growth of both tops and roots 
and have had time to store an appreciable amount of dry matter in 


stems and leaves . ,, 

Strip or rotational grazing is certainly recommended tor tan, 
summer or wet season crops, such as millets, sorghums, or su an 
grass, since these stands may be badly trampled and wasted on a large 
pasture system , 

Pastures that are irrigated should be well fertilized, and rotationa 
grazing or conservation of excess forage should be undertaken or 
maximum utilization of these inputs Irrigation and fertilization, by 
providing a more uniform level of grazable forage throughout the graz- 
ing season, help to balance the forage supply with the animal require- 
ments Frequently, even rotational grazing will not provide adequate 
economic returns for high rates of fertilization and irrigation — espe- 
cially in dry areas, like parts of Israel But where irrigation is needed 
for only a few months, as in the Cauca Valley of Colombia, grazing 
alone provides acceptable returns 


Pasture Mowing 

At present the practicality of mowing tropical pastures to control 
quality and quantity of forages is unsettled In the first place it is ex- 
pensive It may do more harm than good for some grasses and may 
seriously damage trailing or climbing legumes, if they are present 
In Puerto Rico a mixture of tropical Kudzu and Napier grass pro- 
vided 880 kg of animal gain per hectare when mowed once per year 
as compared to 650 kg when mowed at bimonthly intervals (Vicente- 
Chandler et al , 1964) But later experiments in Puerto Rico have 
shown no significant benefit from periodic clipping of stands of 
Guinea, Congo, Star, and Pangola grasses On the other hand, tests in 
Colombia showed that mowing at bimonthly intervals increased the 
carrying capacity per hectare for Pangola, Para, Guinea, and Puntero 
by 60% o\er no mowing (Table 14 2) 

The Puerto Rico group recommended at least one clipping an- 
nually for Napier grass to keep the freshest growth at a convenient 
height for the animals Preferably this should be done by hand, as the 
lower cutting by a machine will retard the growth of the stand If 
cutting is done by machine, the stand should be fertilized after mow- 
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TABLE 14.2 

The influence of mowing on the carrying 
capacity of four grasses in Colombia. 


Grass 

Carrying capacity ( stccrslhectare ) 

Unmowed 

Mowed bimonthly 

Pangola 

1.56 

2.50 

Para 

1.60 

2.50 

Guinea 

1.45 

2.00 

Puntero 

1.50 

2.50 


Source. Adapted (torn Alarcon y Lotero, 1969 


ing and allowed 3 to 4 weeks recovery before grazing is resumed. It 
is wise to graze high yielding pasture plants short at regular intervals, 
if good yields of nutritious herbages are to be obtained, since ^the 
stems contribute a less acceptable portion of the grazing as the grass 
matures. Certain experiments have shown that better results can be 
obtained with heavy grazing than with mowing; plants that may suf- 
fer when cut short will not be harmed by grazing. 

Overgrown pastures of Pangola, Star, Molasses grass, or Kudzu 
and Molasses grass mixtures do not require mowing since grazing 
animals trample them down while grazing on the newer growth. 
Even though much of the forage is wasted, tire pasture recovers 
quickly if there is sufficient moisture. Nonetheless, on lands where 
mowing by machinery is possible, it may be desirable to cut back 
these pastures occasionally as an aid to weed control and to cut back 
overgrown spots where the forage has become less palatable. 

No fixed rules can be made about removal of excess growth. 
Obviously, periodic removal of growth that seriously hampers the 
stand is desirable, but the need for frequent mowing on a well 
established stand suggests faulty management. Few general recom- 
mendations can be made on control of forage growth by grazing or 
cutting because the best system depends on the vegetative character- 
istics of the grasses. It is well known that after the emergence of the 
inflorescense stage, nutritive value is reduced, therefore, full in- 
florescense of a stand can be used as a guide on when to remove 
excess growth. It is also necessary to know the height to which a 
stand can be grazed or cut without deterring its recovery. This height 
is determined mainly by the localization of the nutritive reserves in 
the grasses. In most tropical grasses the reserves are stored mainly 
in the crown or in the first few centimeters of the stems above ground 
level. Para grass, for example, should not be grazed or cut less than 20 
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to 25 cm above ground level since this Guinea 

and only stem reserves are avm^able to g ^ p 8 ango]a and star 
develops a crown and can be grazed to ’ , they store 

grasses can be grazed to 10 cm ^ reserves ,n the 

reserves in the stolons Grasses like _Nap.er means they 

upper portion of the root system and in the cro . Mos , 

can be harvested to 5 cm without a decline grass 

tropical legumes should be managed in the same y 


Weed Control 


Weeds are commonly a senous problem on poorly managed 


tures, whereas they may constitute little or no problem unde^go^ 
management regimes The conventional method he3V y 

weeds in pastures are through removal by hand or mowing,! 
stocking rates, varying the type of stock, mixing species dunnS 
ing, use of herbicides, and burning The best metho ' use 

upon the local conditions, such as season, level of raintai , 


of the pastures tteeS 

In the humid tropics, shrubs and the regrowth of scruo y 
constitute the worst threats to grass stands If these are thorny spe * 
control measures are desirable The best practice depen s 


control measures are uesirauic me ucoi p t 

topography and availability of machinery In the lowlands, 


rapid means of removal is by tractor and rotary mower but on s 
slopes removal by hand or the use of herbicides is more sui ^ 
Spraying of herbicides on large areas has not proven satisfactory ^ 
cept as a measure for clearing or retardation in preparation for se 

mg A ble 

In Australia and New Zealand it is common practice to use do ^ 

or tnple the normal stocking rate for short periods to graze o ^ 
excess growth and weeds which cattle will consume if forced to 
Another practice in these countries is stocking first with lactating 
to take off the choice forage and then with dry cows or steers to con 
trol growth of the forage and weeds ^ 

A few experiments have demonstrated that mixed grazing of g° 
with cattle or sheep is a go^A- Dractice for the control of scrub bru 
but, except among tb^ 1 411,16 ^ tnbes, the grazing of mixed specie 
has not been wideM* roui5 rec o m n», 

Weedy ^ be reclaimed simply by 

fertilizer als Preferably this, and delaylng graz , n g for a fe 

m ° nths ^Uhv m ,na L m W ' Ille ^mr, Molasses grass and Kudzu 

Molassr- ne b * machine, the stamf y low growmg grasses an d weed* 
have 
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Stocking Rate 

It becomes increasingly important to intensify grazing as fertiliza- 
tion of grazing lands is increased in order that the higher yields of 
forage produced will be utilized as fully as possible. On the other 
hand, intensification of grazing increases consumption of the less 
digestible portions of forage and, if pursued too far, can depress 
production per animal. Good management consists in compromising 
between maximum production per animal and maximum use of the 
forage in the pastures. 

The productivity of a pasture is strongly influenced by the density 
of the stocking rate. There are no general guidelines for stocking be- 
cause decisions must be based upon the characteristics of the pasture 
and the end result sought. In Australia and New Zealand, emphasis 
is currently being placed on returns per unit area. Freer (1958) 
demonstrated the advantages of this emphasis with the following 
statistics for lactating cows: 


Year 

Cowslha 

Milkfatlcow, 
in kg 

M ilkfatlha 
in kg 

1955-56 

2.5 

269 

277 


4.0 

249 

405 

1956-57 

3.0 

272 

321 


5.0 

242 

489 


Although the production per cow declined appreciably when stock- 
ing rate was increased, the return per hectare increased nearly 50%. 
Similar results have been demonstrated with beef cattle by Sprivulis 
(1967) for a low rainfall area (<70 cm/annum) during an 8-month 
grazing period: 


Hectare/steer 

0.40 

0.61 

0.77 

Gain/head (kg) 

189 

189 

212 

Gain/ha (kg) 

172 

126 

112 


At the high stocking rate (0.40) the gain per head was 12% lower than 
at the lowest stocking (0.77) but gains per hectare were 54% higher. 

Yield per unit of land has special significance when high invest- 
ments have been made in that unit. But it may not always be the best 
gauge of stocking. In dairy production, it may be more economical 
when all factors are considered— namely, labor, facilities, number of 
herd replacements, and size of herd— to produce a given yield of 
milk by getting the highest return possible per cow. Likewise, a faster 
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turnover rate for steers, made possib female reptomeS, the stock- 
turn higher profits In the rearing of of j ally ga m, ,r- 

ing rate should be determined y , | st returns per unit of 

respective of whether this rate gives the highest 

'and , l,.,l effect on tlie botanical composi- 

Stocking rate may have a marked cite general, the pro- 

tion and the quality of the herbage consumed k ^ st ock- 
portion of legumes in a pasture stall mere (j, c g rasse s are 

,ng rate (Spnvul.s 1967) With more mak eup of a 

suppressed and the legumes favored S r, r0 vail 

stand could be important where long dry peno P Often 

Understocking is just as poor management „ pas . 

the pome cause of low productivity and stea y L rank inedible 
ture is undergrazmg, which permits the accumu , i i e species 
forage and the unchecked intrusion of weeds or es pasture 

of grasses Experiments in Puerto Rico have s ° WI * - r QVer 
stands with 70% or more Pangola grass, steers or airy ^ 72 

200 kg grazed at the rate of 5 animals per hectare wi g , e{ j j } y 

kg per day throughout the year, but if the stand become ^^g 
Para grass to the extent of 50% or more, gains with an J 

rate will decline to 0 45-0 50 kg per head With hig . .{ference 

heavy fertilization, the difference in gains may mean e 
between profit and loss . r „ p 0 r 

Evaluations of pastures at several stocking rates wi i 
cattle are currently being made in numerous areas of t e wa ma ^ in g 
mates In these evaluations, emphasis is being place on 
forage the major feed source, through integrated programs o s 
sive pasture crops to take advantage of the total growing season, 
with supplements to prevent senous fluctuations in bo y N ^ lS 
when forage quality is low Much more information is nee e 111 


Estimation of Forage Available 
and Carrying Capacity 

There is no really satisfactory way of determining the amount ^ 
forage available for grazing, but fairly reliable estimates have } 
derived from agronomic measures, simulated grazing, and c em 
analysis 

(1) In one system, forage available is calculated as 
Dry matter per acre = 85 (H) — 190, 
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where H = sum of four measurements taken at the four corners of a 
piece of light plywood approximately 25 inches square dropped into 
a stand of grass (Alexander et al., 1962). Assuming the four height 
measurements total 50 inches, 85 X 125 — 190 — 4060 lb dry matter 
per acre (4500 kg/ha). If the animals that will be grazing the stand re^ 
quire 11 kg of dry matter per day, the stand will theoretically supply 
their needs for 470 days; however, the calculated requirements of the 
animals should be increased 30% for waste — e.g., trampling. Hence, 
for a 28 day period the stand would be expected to carry 11 head per 
hectare or about 1.5 animals on a yearly basis. 

(2) Forage available can also be estimated as: 

Dry matter per unit of land — weight of fresh forage from quadrats — 
dry weight. 

This system involves weighing of samples cut from measured areas 
randomly selected throughout the stand. 

(3) Estimates from simulated grazing are accomplished by hand 
plucking of materials an animal might consume. The extent of the 
plucking on the individual plant is determined by the height the op- 
erator expects the animals to graze the stand. If a designated area is 
used, such as a 1 m 2 caged area, an estimate of the dry matter the ani- 
mals may consume can be made as in (2). The simulated grazing is 
somewhat superior to the other methods for estimating what the ani- 
mals are likely to consume. 

For these estimates to be of practical value there must be corre- 
sponding estimates of the quality of the forage. As pointed out in 
Chapter 6, forage quality varies tremendously with age of the plant, 
season, and the portion of the plant being consumed. 

From a practical standpoint, the best means of determining how 
well the animals are fed is to observe which portions of the plants the 
animals eat at a given time. When animals are turned onto a young, 
growing stand of grass, they first consume the growing points (Fig- 
ure 14.3). This is the youngest and most tender portion of the plant 
Next, they will graze the mature leaves and then, if the stocking rate 
is high enough that the animals are grazing faster than the growth rate, 
the upper stem and old leaves (those which have lost their bright 
green color). If the animals are left on a stand of Guinea grass until the 
plants are grazed down to 30 cm height, the average digestibility of 
the consumed material will range from 50-55%, which is marginal 
for animals expected to make good gains. In the early days of grazing 
from the stand the digestibility of the ingested forage equals or ex- 
ceeds 65%. A stand of Guatemala grass like that in Figure 14.4 would 
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correspond to the Guinea stand described But a stand that has 
reached the maturity of the Guinea stand depicted in Figure 14 
would have little material that would be as much as 50% digestible 
As can be seen from Figure 14 3, leaf-to-stem ratio of the plant 
influences the overall quality of the grazing For a grass like Guinea at 
30 days of growth, the growing point constitutes about 5% of the tota 
green weight, mature leaves 25%, old leaves 5%, upper stem 25%> 
and lower stem 40% With these proportions, the weighted average 
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digestibility for grazing to 30 cm height would ^ “^™ X j ] 'gIsti- 
50% For a stand 60 days old or older, tile weighted a g ^ 
bility would be 45% or less This level of digcstihdi y readily 

stitute adequate quality grazing From tins example, 
see that the high proportion of the low quality lower s ^ 

son for less than desired consumption and growth rate from g 
chopped material as compared to grazing 


Use of Fertilizer 

Economic feasibility and water availability are the main 
determining the use of fertilizer, the quantity and composition o 
fertilizer, and the schedule of application Since the best ra e ° 
plication vanes with the area, it is virtually impossible to ma e 
erahzations » n r 

In the humid, hill region of Puerto Rico, 2 5 tons P er 
15-5-10 fertilizer, split into four applications, are recommen e 
grass stands This level of fertilization, along with some measures 
control weeds, will provide 1100 kg of gain for steers or dairy »ei ^ 
and serve as the feed supply for lactatmg cows producing 1 1-1 k 
milk per day for lactations of about 250 day s (Caro-Costas et al , 

For the dner areas of the island (100 cm rainfall per annum), one . 3 
plication of fertilizer near the end of the rainy season is recommen e ^ 
and about 1000 kg per hectare of complete fertilizer Tests m areas o 
Colombia with distinct wet and dry seasons, using Pangola grass, 
reveal that nitrogen fertilization markedly increased yields of O 


matter (Table 14 3), but one application of 100 kg per hectare near 


the 

end of the wet season gave as high yields as applications of 50 kg P er 
hectare at 6 week intervals f 

The most important factor affecting fertilizer requirements or 
grasses is the quantity of plant nutrients removed in the forage Sm c ® 
removal of nutrients in the forage is related to yields, the factors tha 
affect yields also influence the needs for fertilizer If green cutting 0 
grasses is employed, more than one application of fertilizer is ne ^\ 
sary Generally, heavier applications of fertilizer are recommend 
if investments have been made in machinery for harvesting 
fertilizer can be used profitably as value of land increases, where laj 1 
is expensive, additional forage can be produced more economical > 
by heavier fertilization than by planting larger areas Too, more ferti 
lizer can be justified as the value of animal products increases It 
more profitable to fertilize forages for the production of milk than ° 
beef or wool Rather heavy nitrogen fertilization may be warrante 
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1AULC. 

Yield response (kg dry matter/ ha) ofPangola grass to two levels of nitrogen applied 
in different seasons or to one level applied at 6 week intervals. 


Nitrogen 
((.g Ilia.) 


Applications 

Dry matter 
(kg/ha.) 

No. 

Time 

0 

0 

— 

590 

50 

8 

6 week intervals 

2340 , 

50 

i 

Early in wet season 

1220 

50 

l 

End of wet season 

1320 

100 

l 

End of wet season 

2320 


Source. Adapted from Alarcon y Lotero, 1969. 


when high protein concentrates are expensive and it is necessary to 
rely on forages as a source of protein. 

As nitrogen levels and forage availability are increased, grazing 
management must be more skillful to avoid severe losses from exces- 
sive trampling or fouling accompanying high stocking rates and for 
best utilization of the higher protein content following heavy fertiliza- 
tion. As shown in Figure 6.3 the crude protein content of highly ferti- 
lized grasses declines rapidly, especially after 30 days of growth. For 
the southern U.S. it is recommended that when 225 kg of nitrogen or 
more are used per hectare the forage should be harvested. Experi- 
ments have shown that with this level of inputs, forages are more 
eificiently utilized as hay or silage than as grazing. The practical ob- 
jective of fertilization is to achieve a level of production that assures 
economic return. Often this will require less nitrogen than is required 
for maximum yield. 

Less fertilizer is needed for grazing than for cutting as only about 
half as much forage and hence much less nutrients are taken from the 
land by grazing. And less fertilizer is required if manure is returned 
to the land. About 80% of the nitrogen, phosphorus, and potassium 
consumed by cattle is returned in the urine and feces. If all the ma- 
nure, together with uneaten forage, is returned to the field without 
loss, it is theoretically possible to reduce fertilization to about 20% of 
optimum rates. However, even under the best conditions, about half 
the nutrients in the excreta are lost by volatization and leaching, flow 
much the tropical environment influences the rate of loss remains un- 
known. 

Well established grass-legume pastures, e.g., Kudzn-Molasscs 
grass, need much less fertilizer for high yields than grasses alone. A 
grass-legume mix ought to have around 100 kg of potassium per hcc- 
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tare annually unless the xml ,v well suppl.cd .Uhlhir; nn'-n^ 
addition, about 200 Vs of phosphoric acid and on .aid s s , 10llUi 

of limestone per hectare are needed every 5 years. *- 
be applied to mixtures only when high yields are require •» , 

gency or to favor grass if the proportion of legume m the mixture 
comes too high 


Grazing Management m 
Dijfcrant Types of Operations 


A constant supply of high quality forage is considero 
for lactating dairy cows, and pastures should he grazed on y a 
they meet this requirement In beef and sheep enterprises, c 
maintain constant forage-animal relationships are ordinari > 0 
tense Periods of restricted feed supply are accepted as econoi 
particularly for a cow herd or ewe Hock maintained to product 


Ctb Beef producers in the N-S 30“ latitudes are reluctant ln P 10 '* 
stored forages for use during periods of low pasture avadabi ity 
in the southern U S , producers have extended the grazing season ^ 
growing annual winter grazing crops, particularly cereal crops, *> 
grass, and clovers These are planted mainly b> sod seeding u ^ 
the dormant period of perennial grasses Others base used de aye 
grazing of forage produced during the flush growth period or m ‘ 
the excess forage into baled hay that is left in the field until needc ^ 
the cooler season of the year The animats consume the hay and w * a 
ever grazing is available Short periods of slow animal growth a^ 
sometimes accepted as a more profitable system than the expense 
stored forage The main emphasis is on minimizing weight losses 
ing the season of poor feed supplies . 

Frequently, high fixed costs per cow in buildings, equipmen • 
and labor necessitate that dairy operators obtain relatively high P r ^ 
duction per cow Thus differences among pastures in their ability 
stimulate or maintain production per cow are of major concern 
cess in using perennial crops during the period of extreme high tom 
perature or dry season has been quite variable In those areas wher 
clovers or vetch can be maintained as a significant part of the forage 
mixture, the levels of milk obtained per cow have been as high as 
with nitrogen fertilized grasses Summer annuals, such as millets or 
sorghum sudan crosses, have been considerably more useful than 
highly fertilized perennial grasses in maintaining high milk yie* s 
in the southern U S But these annuals may prove less successful than 
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grasses in warmer climates. The millets and sorghums have serious 
disadvantages in that careful management is required to produce a 
continuous supply of vegetative forage. Furthermore, millet pastures 
have at times reduced the butterfat content of milk when used as the 
only roughage source. A special stimulating effect from limited graz- 
ing of such pastures, expressed as milk yield, gains, or breeding effi- 
ciency, has been reported, but the effect appears related to a con- 
siderably higher intake of digestible dry matter than to any specific 
plant component. 

In Chile, attempts have been made to adapt dairy operations to a 
seasonal system of lactation similar to that normally followed in New 
Zealand. The intended calving period was July-August, thereby re- 
stricting lactation to the lush growing season in the high elevations 
and to the wet season in the lowlands. This system has proven satis- 
factory in the highlands on white clover and ryegrass pastures, but has 
not worked well in the lowlands due to the short duration of high qual- 
ity material in the grass stands. 


Grazing for Maximum Intake 

Under high temperature conditions cattle and sheep restrict or 
cease their grazing during the hotter part of the day, thereby lowering 
their total intake. The influence of high temperature on grazing be- 
havioT appears to vaiy with type of animal. Payne (1966) concluded 
from a review of observations on grazing habits in tropical areas that 
under warm, humid conditions the direct stress of the climate will 
cause serious curtailment of grazing among European breeds of sheep 
or cattle but that indigenous types of these species are less affected. 
Most studies have shown that lactating cows tend to divide their graz- 
ing time about equally in the periods A.M. to P.M. and P.M. to A.M. 
milking times until the maximum daily temperature equals or ex- 
ceeds 25°C. Seath and Miller (1946) found that when the maximum 
temperature reached 30°C, daytime grazing declined markedly and 
grazing during the hours of darkness increased to some extent. 

The possibility of using the best pastures for nighttime grazing is 
attractive, but the benefits from high emphasis on night (night being 
defined as die hours of complete darkness) grazing are not clear. Few 
experiments in the tropics have shown significant advantages in per- 
formance for continuous grazing over morning civil twilight to eve- 
ning civil twilight grazing. The reasons for this may be the preference 
of cattle or sheep for grazing most intensively in die early morning or 
late afternoon, irrespective of whether the climate is uncomfortable; 
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annoyance from msects, and the limited capability of the animal to 
choose herbage during the hours of darkness i v 

Since most of the experimental evidence points toward ea y 
morning and late afternoon as the tunes of highest intake, l wo 
wise to gear management practices as much as possible o 
nods both in beef and milking operations . 

Observations in Trinidad, Uganda, Australia, and the southern 
U S showed that grazing during the hours of darkness accoun e 
only 7-10% of the total grazing time More of the grazing too a 
from morning civil twilight until the sun reached about 30 a ove 
horizon The other major period was the corresponding time in^ ^ 
afternoon The intervening periods accounted for less than - 
total grazing time In the Trinidad experiments, there was a s \o 
period of grazing around midnight, but this accounted for only ® 
of total daily grazing time These observations were made on goo 
high quality pastures Wilson’s experiments in Trinidad (1957) en 
support to the hypothesis He found that confining dairy cows for our 
hours during midday did not reduce total feed intake If the cat e 
were not confined, they ceased to graze and made use of any natura 
shade available— as little as standing with their heads in the shadows 
cast by fence posts 

Figure 14 6 shows the expected grazing patterns for Iuctating 
cows on good pasture when the maximum daily temperature is 
or less and when the temperature exceeds 25 e C The preferred grazing 
times at 25°C strongly suggest that maximum intakes can be expecte 
by completing the milking operation before 6AM The afternoon 
milking should likewise be early— 2 to 4 PM —in order to got tie 
cows back on pasture for two or more hours before complete darkness 
The best schedule for a complete drylot operation would e 
somewhat different The Facultad de Agronomia at Maracay, Vene 
zuela has developed a very practical schedule The A M milkmg 
begins at 7 A M As the cows leave the milking shed, they go 1° a 
shaded lot where green cut roughage is available The P M inilkmS 
commences at 5 P M and from there the cows go into paddocks with 
out shelter except over the feed hunks, where green cut forage 15 
again available (Concentrate feeding takes place at milking time) 
With the milking done just before and following the heat stress P e 
nod, the environmental influences are minimized Putting the am 
mals outside early in the evening promotes rapid cooling, thereby 
restoring heat balance The cattle are moved from the shaded lot fox 

e P M milkn^ - cr ^ small groups to reduce stress imposed by crowd- 



GENERAL MANAGEMENT CONSIDERATIONS 


497 



FICUBE 14.6 

Contrasts in patterns of grazing for lactating dairy cows on good 
pasture when maximum daily temperature is 20°C or less and 
greater than 25°C. 

Frequently cattle or sheep must be removed from the grazing and 
confined near the household to avoid high risks of predators, both 
human and animal. This occurs where quality of grazing is low and it 
is not feasible to provide supplementary feeding. Grazing could no 
doubt be increased by night grazing, but the risks must be weighed 
against tire expected gains. 

Essentially, the importance of the time allocated for animals to 
graze depends upon the quality and quantity of forage available, the 
demands of the animals, and the end result desired. Metabolic heat 
is also of concern. Cattle grazing on grass sufficient in quality for 0.45 
kg of gain per day will show no measurable change in grazing be- 
havior when maximum daily temperature exceeds 25°C. However, 
lactating cows will markedly reduce daytime grazing and some in 
their total grazing time if not given an opportunity to shift their graz- 
ing behavior. Considering all factors, the best management of hours 
of grazing depends upon the individual enterprise. 


USE OF HAY, SILAGE, AND SOILAGE 


Good levels of performance for beef and daily cattle and sheep have 
been obtained with well coordinated pasture programs utilizing a sue- 
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cession of crops consisting of warm anil cool iLason a ""j u J. ed H con 
ever, the burden of coordination and management 
siderably by resorting to conserved forages as . means of uUtong 
excess production in penods of flush growth and supplemen g 
replacing fresh forage during penods of short siPP 1 ? . . me 

The wastefulness of grazing animals is continuously 

on high yielding, tall growing forages, especially m „ 

abundant growth (Figure 14 2) Consequently, all forages fed a g 

chop are rapidly gaining in popularity in subtropical area t 
chop refers to cutting and chopping the plant into small P 
Operators who employ a high degree of managenal ability may 
a combined system of grazing, green chopping, and store ® ’ 

depending on season In this way they can take advantage ot 
the most opportune time videly 

Continuous use of green chopped forages is becoming ' 
practiced in dairy operations in the tropics (Figure 14 7) Bu 
not a panacea because it requires a skillful operator to provi e ui 
form quality matenal Experiences in Puerto Rico, Vcnezue a, 
Colombia have shown that if chopping of Napier, Guinea or an 
grasses is practiced, the interval of cutting should not excee 
days, and preferably 30 to 45 days Dunng this period the diges 1 
of the whole plant may range from 60 to 50% of the dry matter, 
after 60 days the quality of the material is very poor (digesti » 1 
45-26% and crude protein 7-9%) Many operators still do not rea i ^ 
the influence of stage of maturity on nutritive value, particular y ^ 
tropical grasses, and thus often exceed even 60 day cutting 
(Figure 14 8) Unless the amount offered the animal is limited, ^ 
or more of the cut grass put before them will be refused When ther 
is so much wastage, the cost per unit of utilizeable energy for the am 
mals is quite high 

The use of conserved feeds is attractive in terms of flexibility 
supplying feed needs as it permits harvesting at optimum 
stages for best quality feed and storage assure near uniform q ua ^ 
in feeding It also avoids grazing waste, permits mechanization 
feeding and eases the burdens of management There is a growm 
trend among livestock operators near urban centers to place major 
emphasis on conserved forage or green cutting and little, if any» ° n 
grazed herbage The effect on animal performance of shifting from 
grazing to a stored forage system depends largely on the relati' 6 
quantity afforded by each system and the level of concentrates being 
used 

In principle, the problems of forage conservation are the same re 



FIGURE 14.7 

Maintaining a dairy herd in drylot with free choice feeding of fresh 
chopped grass sprayed with molasses has become a common practice 
in a number of lowland areas of the humid tropics. 
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FIGURE 14 y . . 

Preparing corn silage as a stack in tl e lowlands of northern Colombia The si 
was covered with plastic sheeting weighted with dirt to reduce spoilage (Court y 
J C Johnson Tifton Georgia) 


gardlcss of whether forage is a major or minor p irt of the total P r0 
gram Ensiled forage is playing an increasing role in both dairy an 
beef operations in certain areas Storage structures for silage viry 
greatly in design cost and efficiency Simple stacks (Figure 1 1 9) ° r 
bunkers (Figure 14 10) are effective when sealed with plastic sheet 
ing or some other covering that insures protection from run and oxy 
gen If the covering material is thin a heavy layer of dirt straw ° r 
perhaps some other covering is required to minimize losses F cr 
manent tower silos provide greater assurance of efficient preservation 
with a minimum of attention but at a considerably gre iter cost Pds 
may be dug into the ground but they have the drnvbacks of problems 
with drainage and high labor costs for removal of the material It must 
be kept in mind that high ambient temperatures will damage si lag® 
quality even under excellent storage conditions 

At the current stage of technology it is very doubtful if ensiling 
of many of the tall growing grasses native to the tropics is worth the 
expense because of the resulting low quality product When the 
grasses are freshly cut the moisture content is in the range of 75-85% 
w ic means there is a tremendous amount of water transported (A 
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FIGURE 14.10 

Concrete bunker silos with all construction above ground level have 
proven satisfactory in the lowlands of northern Colombia. 


moisture content of less than 70% is desirable for reduced weight, 
preservation efficiency, nutritional value, and animal acceptance). 
Tropical grasses tend to be much lower than temperate species in 
soluble carbohydrates, which are needed for adequate lactic acid 
formation to inhibit rotting. The resulting silage is both high in mois- 
ture and low in quality, because of poor fermentation. If silage is to 
become a feasible feed source in hot, humid areas, crops other than 
those generally available must be provided. Chemical preservatives, 
such as formic acid, have been tried in attempts to improve the quality 
of high moisture crops, but no process has become widely used. 

Ensiling seems to enhance the feeding value of low quality feeds, 
such as cereal straws. Ensiled chopped oat straw with 0.9% formic 
acid solution and chopped straw with hot water fed to dairy heifers 
gave dry matter intakes of 0.94 and 0.72% of body weight, respec- 
tively, compared to 0.62% for chopped dry straw. These results sug- 
gest the possibility of improving intake of low quality roughages 
through the use of formic acid. 

Conservation of forages as hay may be practiced where the pos- 
sibility of rain damage is minimal, but because of the usual hazards 
of weather and kinds of materials it is usually less feasible than the 
use of the same crops as silage. Numerous experiments in the tem- 
perate zone have shown that when cows are fed good quality hay as 
the entire ration, they will produce 60-65% as much milk as when 
they are fed concentrates in addition to hay at the rate of 1:3. They 
will produce 70-75% as much milk on the hay alone as when fed con- 
centrates in addition to the hay at the rate of 1:4 or even 1:6. 

Except in semi-arid areas of the subtropics where alfalfa is pro- 
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duced under irrigation in the summer months there is little hay rnak 
mg in the N S 30° latitudes The techniques of hay making and g 
are known in much of the region but serious drawbacks are ope 
tional and capital costs are high, especially for machinery and suo , 
there are not enough experienced people to operate the mac me . 
crops are unsuitable, and farm units are frequently too sma o i 
ensiling crops economically feasible Where labor costs are re 
lively low, these problems could be reduced by means of coopera 
handling and storage Small farmers m Japan seem to have an e 
fective program underway for pooling surplus crops into a comm 
storage facility Of course, fanners must first be convinced— pa^ 
ticularly in the humid areas and in less intensive beef operations 
that hay or silage can pay with existing livestock prices, managemen 
systems, and available manpower , 

Feeding programs based on stored forages or green cut inaten 
have additional advantages m disease and parasite control, repro uc^ 
tive efficiency, and reduction of mortality m young stock But un 
poor sanitation these advantages may be lost In spite of the projee e 
benefits, it is readily evident that much more information is neede 
to determine the best system of stonng the forages that tropical area 
are presently capable of producing There is some preliminary evi 
dence that the carbohydrate content of tropical grasses varies a grea 
deal among plants If so, it may be possible to develop strains more 
suitable for silage 


FEEDING OF CONCENTRATES 

The merits of feeding concentrates in tropical areas — especially if 
the sources are imported, is a widely discussed issue There are es 
sentially two schools of thought one, that livestock production in the 
tropics should be based solely on the use of forages for maximum 
efficiency, and the other, that concentrates are often needed to obtain 
the highest economic efficiency As is the case with other problems, 
no blanket recommendation will hold Those most optimistic about 
forage alone tend to ignore the fact that the cost per unit of fee 
energy in the form of concentrates may sometimes be lower than the 
cost from grass— as for example near an urban area where by products 
of food processing industries are available Besides, it has been well 
proven that the amount of TDN required per unit of product is some 
w at less when concentrates make up part of the ration 

Concentrates — those feed sources other than forages— are nor 
mally required for satisfactory swine and poultry operations, and 
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they are fed to cattle and sheep to (1) supplement inadequate forage 
supplies during extreme weather conditions, (2) enhance the total 
supply of feed energy to obtain near maximum or maximum per- 
formance per animal, and (3) extend a limited supply of roughage or 
expand the stocking rate of pastures where land acreage for the live- 
stock enterprise is restricted. Dairy operators in the islands of the 
Caribbean and near urban centers elsewhere carry a higher stocking 
rate than can be supported by grazing or even green chopping. They 
rely on less than maximum intake of roughage and supply additional 
energy in the form of concentrates. The three groupings tend to over- 
lap in application but die tendency is for feeding not to be at the level 
indicated in (2). 

Insufficient dietary energy is often the result of an inadequate in- 
take of dry matter; this may occur when forages contain less than 25% 
dry matter. And even a large intake of dry matter may have low energy 
value, or have sufficient total energy but lack one or more nutrients 
needed for the efficient utilization of energy. When this occurs, con- 
centrate feeding may be utilized to balance diets, thereby increasing 
efficiency of utilization of all feeds available. 

On a green weight basis, cattle weighing 200 kg or more will con- 
sume daily an amount no more than equivalent to 8% of their body 
weight when the forage is mature (digestibility of 40% or less). Daily 
' intakes will increase up to 10 and 12% of body weight when the di- 
gestibility is 50 and 60%, respectively. If digestibility is 40% or less, 
the animal's energy supply will be no more or even less than required 
for body maintenance. The higher intakes and digestibility will pro- 
vide energy needs for maintenance and milk yield or growth rate, but 
will not give the animal the maximum energy that it can utilize effec- 
tively. 

The technical literature abounds with short-time grazing trials 
indicating that grazing alone will support average daily gains of 1.6 
kg or higher for cattle and daily milk yields of 18 kg. But it has been 
demonstrated reasonably well that on a year-round basis about the 
best performance that can be expected from grazing alone is average 
daily gains of 0.5 to 0.7 kg and average daily milk yields of approxi- 
mately 12-14 kg, with total yields of 2000-3000 kg in a lactation pe- 
riod lasting about 7 to 8 months. These levels of performance may be 
near the maximum genetic potential for some stocks, but for maximum 
performance from European-Zebu crosses or high grade European 
breeds, more energy is required. Since there is a ceiling on intake, 
determined by digestibility of forage, dry matter content, bulkiness of 
the grass, protein content, and type of forage (soft or hard leaf), a more 
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concentrated supply of energy is needed if maximum performance is 

to be attained . r 

The gross efficiency of animal production -that is, the output P 
unit of total input— increases with increasing inputs above ios 
needed for maintenance And the energy cost of maintenance tic- 
comes an increasingly smaller proportion of the total energy inpu a 
the input is increased (Figure 14 1 1) At 2 0 to 2 5 times maintenance, 
which is near maximum on grazing, 50 to 60% of the energy inta e 1 
available for inilk yield, in contrast to 80-83% when energy inta e is 
5 to 6 times maintenance However, the increase in gross efficiency 
occurs at a diminishing rate with progressive multiples of mam c 
nance because of the increased deposition of body fat. 

Another way of looking at the relationship between energy rc 
quirements and milk yield is illustrated in Figure 14 12 If the forage 
has a TDN value of 50%, the usual intake for a 500 kg lactuting cow 
will provide sufficient energy for maintenance and 10 to 20 kg of nu 
If the forage is of excellent quality, (60% TDN), the level of produc- 
tion will be correspondingly higher But when levels of 25 kg or more 
per day are sought, concentrates are required in order for the cow to 
have an adequate supply of energy Hence, as yield per day rises, 
concentrates become of greater significance in the feeding program 
When body weight gain is the output unit, the same phenomenon 
occurs relative to maintenance needs, because fat (a high energy sub- 
stance) constitutes a progressively higher proportion of the tissue 
gained as feed input increases For this reason a fattening animal must 
consume 2 0 to 2 5 times its maintenance requirements per day m or- 
der to have an acceptable input output ratio 

It is not intended to infer concentrate feeding is suitable for all 
situations, certainly not Providing ruminants with a high proportion 
of their total nutrients in the form of concentrate feeds is generally 
uneconomical Nevertheless, there may be penods in the animal s 
life or particular economic situations in which at least certain con- 
centrates may be a profitable source of nutnents In the north central 
part of Venezuela, the cost per kg of TDN consumed as chopped Na 
pier grass has been 1 3 to 2 0 times higher than the cost per kg ° 
TDN in the form of concentrates Whereas, in Puerto Rico the average 
cost per kg of TDN from grass is about 7 2 that of concentrates It seems 
to pay to supply extra inputs of energy, especially for animals under 
going fattening for market and lactating cows with 50% or more Euro- 
pean breeding, as long as the increased performance breaks even on 
the pnee of feed 

Occasionally, it may be wise or mandatory to use concentrates 
even when the cost exceeds returns Examples would include cows or 
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FIGURE 14.11 

Illustration of the importance of level of feed 
intake with respect to the proportion of feed 
energy available for milk yield. (Drawing 
courtesy j. T. Reid, Cornell University). 



FIGURE 14.12 

Illustration of the contribution of good 
quality forage to energy needs of 500 kg 
lactating cow with various levels of milk 
production. (Drawing courtesy J. T. 
Reid, Cornell University). 


ewes that come into lactation 60 days or more before the end of the 
dry season. If they receive no supplement, milk yields may drop far 
below desired standards before the forages return to adequacy— even 
so low that the offspring are lost. Similarly, dairy cows that undergo 
serious restrictions in feeding for between the 60th and 140th days of’ 
lactation will not return to anywhere near normal production when 
tire feed supplies are improved. Therefore, both the short and long 
range effects need to be taken into account. 

Numerous experiments in tropical areas have shown little in- 
crease in milk yield following the supplementation of forage with 
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concentrates A number of these tests have used 2-3 hg of molasses 
per day as the supplement, without significant results No ou 
the cows reduced their intake of forage, and thus failed to increase 
their total intake of energy, and actually decreased their protein in- 
take If the animal is grazing forage of 5 to 7 % digestible protein on a 
dry weight basis, it obtains a submarginal to marginal level of protein 
When the animal receives 1 5 to 2 0 kg of molasses in combination 
with grazing, its ration becomes seriously deficient in protein since 
molasses contains almost no protein 

Another reason for the discouraging results with concentrates 
has been the low energy value (TDN) of the concentrate mixtures 
used If the supplement consists principally of by-products, the TDi 
value may be no more than 60 to 65%, which is not appreciably higher 
than that of good grazing In this case, the only significant advantage 
is some increase in total dry matter intake 

The level of concentrate feeding recommended for Iactating dairy 
cows vanes with the level of milk yield and the quality of forage 
Frequently concentrates are offered at the rate of 1 kg to 2 or 3 kg o 
milk If the forage is sufficient in quality to furnish the needs for main- 
tenance plus some for production, the 1 3 ratio may be most efficient, 
but if the forages are poor (less than 50% digestibility), the level 
intake 8 to 10% of body weight, and the concentrate no more than 
65% TDN, a ratio of 1 1 or not more than 115 may be required to 
supply the animal’s energy needs 

If concentrate feeding is contemplated it should be kept in mind 
that the ingredients should not be ground too finely or else molasses 
should be added to keep the ration from being dusty If the feed is dry 
and dusty, palatability will be lowered Dustiness of the ration defi 
nitely influences intake during the P M when respiration rate is 
elevated 

Unquestionably, concentrates have a place in livestock feeding m 
the warm climates Their use necessarily depends upon the local 
situation 


WATER SUPPLIES 

As animals’ demand for water is variable, no reliable estimates can be 
ma e o needs unless fairly accurate information is available on th e 
type o animal, age, stage of productivity, type of feeding and the 
climatic environment (Winchester and Moms, 1956) All livestock 
uire access to free water, some every few hours and some at less 
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frequent intervals. Livestock also obtain water from their feeds and 
from the metabolism of feeds. Swine and poultry in confined rearing 
must have water readily available, but cattle or sheep grazing lush 
pasture may require little in addition to that obtained from the feed. 
However, on dry feed or dry grass they need water in excess of 10% of 
their body weight each day. 

Young animals consume more water in proportion to their body 
weight than mature, non-lactating animals of the same species. , 

At 20°C, 100 3-week old chicks, with a total weight of about 20 
kg, will drink 5 kg of water per day, or 25% of their body weight, while 
100 non-laying hens will drink only about 20 kg of water, or less than 
10% of their body weight per day. Similarly, a 15 kg pig requires 2.5 
kg water per day, or 17% of its body weight, while a 100 kg pig needs 
only about 10% of its weight per day (Winchester and Morris, 1956). 

Lactating cows, sows, and ewes are obliged to have considerably 
more water than non-lactating animals of comparable age and weight. 
A pregnant sow ought to have 15 kg of free water per day, but one in 
lactation needs at least 40% more. A cow weighing 400 kg and produc- 
ing 20 kg of milk per day may require over 40 kg of water. 

Water consumption is, in general, directly related to temperature 
(Table 14.4). 

At 18-20°C broilers need 0.7 kg of water per kg of feed consumed 
and almost 1.6 kg of water per kg of gain. If the temperature rises to 
27°C about 30% more water is necessary. Swine and cattle need 60 
to 80% more water at 25°C than at 10-15°C. As pointed out in Chap- 
ters 3 and 4, the rise in water consumption under high temperature 
conditions indicates the vital role water plays in thermal regulation. 
An adequate intake of free water is a means of maintaining perform- 
ance efficiency in hot climates. If the water in unpalatable, con- 
taminated, or high in mineral salts, consumption may be markedly 
reduced and with it the efficiency of feed conversion (Winn and God- 
frey, 1967). 

Lowering the temperature of the drinking water for livestock has 
proven effective in a number of cases. Cooling has practical limita- 
tions. Water temperature more than 10°C below air temperature tends 
to decrease water consumption and this much temperature differen- 
tial may retard the rumen microflora. Although the gains of cattle on 
drylot feeding have been increased by refrigerative cooling of the wa- 
ter, the benefits have not been sufficient to make it economically 
feasible. If water is drawn from wells, there is little to be gained by 
added cooling except to keep the water as freshly drawn as possible. 
Shading a drinking trough is helpful. When the water is drawn from a 
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TABLE It ■* c ,,, 

Estimated daily u,ater intake of tanout groups of cattle 


Body u,eit,ht 
(kg) 

Liters per day by temperature" 

l(fC 

15’C 

2(TC 

30C 

DAIRY HEIFERS 

SO 

26 

34 

36 

5 3 

100 

83 

98 

110 

16 3 

200 

17 0 

18 2 

200 

26.5 

300 

220 

242 

27.3 

37 0 

•100 

265 

306 

352 

46 2 


LACTATING DAIBV COWS* 


400 

500 

208 

22.7 

227 

26.5 

265 

310 

270 

32.0 

BEEF CATTLE ON MAINTENANCE RATIONS 

100 

53 

60 

72 

9 1 

200 

87 

10 2 

110 

14 4 

300 

11.3 

13 2 

155 

18 9 

400 

14 0 

16 0 

17.8 

27 0 

500 

16 7 

189 

22.7 

34.8 


FATTEMNC CATTLE OS DRY FEED 


200 

16 7 

19 3 

223 

310 

300 

227 

25 7 

303 

416 

400 

280 

318 

37 1 

52.0 

500 

367 

42 4 

49 2 

69 0 


Source Adapted horn Wu* Letter and Uoim, 11*56. 

■ Eitinwlcr include Lodi die bee water ccmtumed and 
water contained in the feed. 

•Sot including allowance for production 


pond or collection area exposed to the sun, piping the water under' 
ground for a distance provides beneficial cooling Providing shade 
during the high temperature period will lower the need of water for 
fattening steers by 10 to 15% (Garrett et al , 1960) 

Supplying adequate water for livestock m the humid tropics > s 
not generally a problem, except when the water is contaminated with 
parasites Attention should be given to providing as clean a water 
supply as possible 

In the dry and semi-and areas, the high temperatures coupled 
wi ow water content of the feed supplies and scarcity of watering 
aci itics make water supplies of prime importance In these areas 
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plans for adequate water supplies should be included in the overall 
schedule of feed production. A further handicap in semi-arid areas is 
that water supplies for animals are predominately brackish, such as 
the Pampas of Argentina, the northeast section of Brazil, most of Aus- 
tralia, a large part of northern Africa, and sizable sections of the U.S. 
Little is known about the effects of salinity on efficiency of animal per- 
formance. Most affected, of course, are the young of all species. Adult 
swine are more affected than cattle, and cattle more than sheep. Cam- 
els are most tolerant of salinity. The threshold level of injury for adults 
is generally about 10-15,000 ppm and lower for young cattle and 
sheep. 

In general, pigs should have access to drinking water at least 
once each hour. Dairy farms ought to have provision for watering at 
least twice per day, especially for lactating cows. The greater the 
dependence on dry feed, the more the need to have water available 
continuously. It has been found that lactating cows on drylot with 
free access to drinking water produced 5% more milk than cows 
watered twice daily. For growing heifers and dry cows on good graz- 
ing, watering once per day is satisfactory. The same holds true for a 
beef herd. Sheep native to the drier areas seem to get along satisfac- 
torily with watering once every two days, provided they are allowed to 
remain for several hours near the watering point. However, sheep 
deprived of drinking water up to 96 hours show a decrease in effi- 
ciency of feed utilization. Goats native to tropical areas seem to have a 
low water turnover rate — as much as 11% lower than that of sheep at 
high temperatures. Because of this they apparently need to consume 
less free water than sheep in order to survive. 

The addition of salt to the ration will increase the water consump- 
tion of all species of livestock but no benefits have been ascribed to 
the salt. 

If the watering schedule of any group is restricted to long inter- 
vals, there will be a reduction in dry matter intake. Hence water 
should be looked upon as an essential nutrient requiring as careful 
planning as any other phase of the livestock operation. 


USE OF MINERAL SUPPLEMENTS 


As indicated in Chapter 6, adequate supplies of certain minerals are 
essential for satisfactory performance of all types of livestock. Often 
the 15 essential minerals— sodium, potassium, magnesium, sulfur, 
chlorine, calcium, phosphorus, iron, copper, manganese, iodine, zinc, 
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cobalt, selenium, and molybdenum-are not sufficient : ,n * eanl ™£ 
feed supplies The amount of supplement needed de P ends 
merous factors, among them the age of the animal, stage of lac tit o, 
types and quantity of feed, and soil conditions. Due 0 e „ 
information on the mineral content of tropical forages an soi 
ciencies, it is difficult at this time to determine the minerals a 
amounts needed for a given area To insure that animals receive 1 
minimum daily requirements, as set forth by the Nationa £ se 
Council (NRC 1966-71) This can usually be accomplished by sui 
plementing the ration with a “complete mineral mixture ( rm 1 a 
Loosh, 1970) Such a mixture should include salt, a safe soiirce 
phosphorus, calcium, and all minor elements that are known o 
deficient some place in the world, such as copper, zinc, iodine, co 
and manganese, plus perhaps others (see Underwood, 1962) » inGr o f 
supplementation is not always feasible because of cost or system 
animal management, but in some situations it is so necessary t ia a 
possible efforts should be made to supply them 


Calctum and Phosphorus 

In general, grazing animals receive adequate calcium, especially 
if they have some legumes, but inadequate phosphorus, particular y 
on phosphorus deficient soils (Chapman et al , 1964, Becker et a , 
1953) On the other hand, animals fed limited amounts of poor qua ity 
roughages and heavy on cereal grains or by-products may have tii 
opposite situation Nursing young or those hand fed milk or mi 
replacer diets seldom suffer from deficiencies of calcium or phos 
phorus since milk is an excellent source of both (Maynard and Loos l* 
1969) Lactating dairy cows receiving good roughages and concen- 
trates may not need calcium and phosphorus supplements, except l 
the early stages of lactation To avoid possible deficiencies, it is rec- 
ommended that the concentrate contain 1% by weight of a calcium 
and phosphorus supplement To insure adequate growth and develop- 
ment it is also recommended that growing dairy heifers and dry cows 
in late stages of pregnancy on pasture have access to a calcium- 
phosphorus supplement free choice This may be accomplished by 
placing a mineral box in the grazing area A similar system of manage* 
ment is desirable for growing beef heifers and ewe lambs and for cows 
or ewes suckling young Supplementation of these minerals is not so 
important to finishing” steers on good grazing, however, it has been 

emonstrated a number of times m Latin American countries that rate 
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of gain of steers can be markedly increased with phosphorus sup- 
plementation alone. 

It is very difficult to set specific guidelines on calcium and phos- 
phorus for swine since they may be fed a variety of feedstuffs. If the 
ration is entirely from plant sources, the addition of a source of lime- 
stone and a safe phosphorus-containing compound is recommended at 
the rate of 2% of the total ration (Smith and Loosli, 1970). When the 
ration contains feeds of animal origin— e.g., fish meal or whey— no 
additional calcium or phosphorus may be needed. If these feeds do 
not constitute at least 10% of the ration, 0.5% of an equal combination 
of limestone and phosphorus should be included. 

It is important to make sure that the source of phosphorus does 
not contain toxic amounts of fluorine. If rock phosphate, a mined 
product, is to be used, it must have been treated to remove harmful 
amounts of fluorine. Fertilizer grade superphosphate, since it is not 
defluorinated, should never be fed. Mono- or di-calcium phosphates, 
deliuorinated rock phosphate, curacao (mined phosphate with low 
fluorine content), and bone meal are all good suppliers of both calcium 
and phosphorus. (The user of bone meal should be sure that it has 
been properly processed to eliminate disease organisms.) If only 
calcium is needed, limestone and oyster-shell flour are both excellent 
sources. 


Salt 

Several experiments with grazing animals in tropical areas have 
demonstrated no significant benefits from supplementary salt feeding. 
The low returns from these tests may have been due to the types of 
animals involved or the animals may have obtained some supple- 
mentary salt from water supplies or the land area grazed. Non-lactat- 
ing animals may need no supplementary salt or only limited amounts. 
Also suckling young do not need extra salt, since milk is rich in salt. 
The salt requirements of these groups are relatively low since they 
excrete small amounts. However, salt is extremely important for lactat- 
ing animals. In fact inadequate salt may be a significant factor in the 
loss of young and poor mothering ability (Becker et al. t 1965). It 
appears wise, even in poor environments and where the cost of salt 
is high, to supplement the diets of lactating animals. 

It is common practice to utilize salt as a means of supplying trace 
minerals. Such combinations are marketed as trace mineralized salt. 
A common formula (guaranteed analysis) on a percentage basis is salt 
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98 5, manganese 0 15, iron 0 078, cobalt 0 01, copper 0 015, iodine 
0 007, and zinc 0 005 The usual sources of the trace minerals a 
cobalt carbonate, potassium iodide, manganous oxide, iron car on * 
copper carbonate and zinc carbonate, respectively. Many manu 
turers add coloring, i e , blue or red, to give their products distinctive 
markings Mineralized salt may be prepared in block form to be us 

as lick or finely ground for compounding with concentrates 

Because trace mineralized salts are low in zinc for pigs w er 
parakeratosis is a problem, it is necessary to modify the stan r 


Iodine 

The iodine requirements are very low and easily met in most 
areas However, in some areas there may be a deficiency To insure an 
adequate supply the use of iodized salt, containing 0 007% iodine, is 
recommended 


Cobalt 

The need for cobalt vanes from one area to another Most of 
Flonda is senously deficient in cobalt For this reason, it is recom- 
mended that mineral mixes for cattle and sheep in Flonda contain 
0 03% cobalt (Chapman et al , 1964) Other deficient areas have been 
identified throughout the N-S 30° latitudes Unless it has been deter- 
mined that there is no problem, it is recommended that a cobalt sup- 
plement be added at the rate of 2 grams of a cobalt nch matenal P er 
ton of concentrate or 0 02 to 0 03% of the salt mixture Ruminants can 
assimilate cobalt from cobalt sulfate, cobalt chlonde, or cobalt carbon- 
ate, whereas pigs can use it only in the form of vitamin B12, a cobalt 
containing compound 


Iron and Copper 

Animals that subsist on milk only diets for prolonged periods, 
such as baby pigs, may become deficient in iron or copper, or both 
a y pigs kept on concrete flooring are likely to become deficient, 
whereas those on soil containing both minerals are not Iron and 
copper can be added by painting the sow’s udder daily with a satu- 



GENERAL MANAGEMENT CONSIDERATIONS 513 


rated solution of iron sulfate or even a parasite-free lump of soil. Or 
the needs may be supplied by one intramuscular injection of 150 mg 
of iron in tire fonn of iron dextran at 3-4 days of age. This is enough 
iron, including some copper, to last through the suckling period 
(Smith and Loosli, 1970). 

Most animals get adequate iron and copper from grazing; but 
supplements may be needed on certain soils. In Florida it is recom- 
mended that cattle grazing on sandy soils receive a mineral mix with 
3% iron oxide (Chapman et al., 1964) and 1% copper sulfate (Becker 
et al., 1965). There may be many other areas of the subtropics and 
tropics where iron and copper are needed; but few of these have been 
identified, largely because these deficiencies are hard to distinguish 
from other mineral deficiencies or poor levels of nutrition. 


Zinc 

Laboratory analyses of tropical grasses have indicated that a num- 
ber of them may be deficient in zinc for the needs of grazing animals. 
Although zinc deficiencies have rarely been identified, there are 
reports of suspected deficiencies. Zinc supplements may prove of 
value, but the requirements of cattle and sheep seem to be present in 
forages and water, and in mineral supplements as natural contami- 
nants. The use of trace mineralized salt is good insurance against a 
possible deficiency at a negligible cost. Also there may be a need for 
zinc if there is an excess of calcium in the ration. 

Parakeratosis in swine can be controlled by the use of extra zinc. 
The common recommendation is to supplement the total diet with 50 
to 100 ppm of zinc. No more than 1000 ppm should be used, or prob- 
lems of toxicity may arise. 


Potassium , sulfur , manganese, and magnesium 

Apparently most animals are able to obtain adequate amounts of 
potassium, sulfur, manganese, and magnesium in their feeds. How- 
ever, grass tetany or grass staggers, which is associated with a shortage 
of magnesium in the diet, appears frequently. Occasionally extra 
magnesium, such as that contained in dolomitic limestone, has been 
reported as helpful. When molasses is used, an excess of magnesium 
sulfate often occurs, causing diarrhea and consequent inefficient use 
of the molasses. But since excess magnesium can be removed from the 
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body rather rapidly, fairly high levels of molasses can be fed [without 
difficulty provided intake is not in large amounts over a short span 
time 


Mineral Mixtures 


There are many types of mineral mixtures available, ranging om 
complete mineral mixtures to “premixes,” which include one or more 
minerals Many of these may include urea or another protein supp e 
ment Others may contain purgatives, worm remedies, tonics, an 
“appetizers ” General use of those in the latter grouping is not rec 
ommended due to costs They may contain items for which there as 
been no demonstrated need for livestock, and they may have less ian 
the desired amount of the required minerals 

The cost of mineral supplements must be kept as low as possib e 
If the cost is high, either they will not be used at all or they will e 
used in such small amounts that in the end their use will be ineffec- 
tive A simple mixture may include a source of calcium, phosphorus, 
salt, and iodine — e g , 50 kg of iodized or trace mineralized salt This 
combination is universally recommended for lactatmg dairy cows 
salt and phosphorus are reasonably available, the livestock producer 
can provide his animals with all the required minerals by simply 
adding a “premix ” 

Due to differences in feeding practices, the formulation for graz- 
ing beef cattle will vary due to soil type and content of forages In 
Florida, for example, cattle grazing on muck soils ought to have free- 
choice access to a mixture containing 86 1% salt 12 9% red oxide of 
iron, 0 9% copper sulfate, and 0 17% cobalt sulfate, whereas those on 
sandy soils or where the water is brackish should receive a mixture o 
43 0% salt, 43 1% steamed bone meal or equivalent, 12 9% red oxide 
of iron, 0 9% copper sulfate, and 0 1% cobalt sulfate (Becker et at, 
1965) It is also recommended that these mixes include molasses and 
cottonseed meal to increase palatability A complete mineral mix rec- 
ommended by Colombia’s Ministry of Agriculture for grazing cattle 
consists of 10 parts salt, 5 parts bone meal, and 1 part trace minerals, 
a^ Udmg 1 95% copper su lfate, 7 47% iron sulfate, 1 24% oxide, 
3 09% manganese sulfate, 0 20% cobalt sulfate, and 0 07% potassium 
oxide 

In mid-continent areas, minerals may be very expensive because 
they are scarce The cost of salt in central Brazil is over five times 
higher than on the coast, for example Where costs of minerals are 
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high and market prices for livestock are low, the operator may have to 
forego the benefits of adequate minerals. Even so, he should recog- 
nize that some supplementation, such as salt for nursing cows or ewes, 
may be worth the investment. 

As pointed out in Chapter 7, considerable interest has developed 
in the use of supplements that will furnish both protein and mineral 
elements. Protein meal-salt mixtures have been used successfully in 
tlie southern U.S., Peru, Kenya, Iran, India, and elsewhere. These pas- 
ture supplements, including mixtures with urea, have merit if prop- 
erly used. The decision about which to use (a protein-mineral com- 
bination or a mineral mix alone) should be based on the available 
pasture forage, the relative cost of the two types, and the end result 
sought in animal performance. 


REARING YOUNG STOCK 

The rearing of stock from birth until the time when they can make 
satisfactory use of forages or coarser feedstuffs is a problem throughout 
the world, primarily because young stock require high quality feeds. 
Dairy operators in Puerto Rico and Venezuela sell most of their calves 
at one day of age due to the risks and the expensive feedstuffs needed 
to rear them. 

Unless the operation is located where dried milk products are 
reasonable in cost, it appears best to feed the calf on whole milk for 
at least one month and then replace this with a ration consisting of 
lower quality feeds, such as wheat or rice bran, com and copra, or 
cottonseed meal, along with some green cut grass of as high quality as 
possible. Calves of dairy breeds can make effective use of good to ex~ 
cellent pasture as a partial ration after one month of age, but most 
operators find this a more costly and less efficient use of land than pen 
feeding. Pen feeding also helps to hold down parasite infestation. 
Calves can be fed at lower levels of feed energy than recommended 
in the normal feeding standards provided there is ample energy and 
protein for skeletal development The animals may make up for re- 
stricted feeding on lower quality feeds in later stages. It should be 
borne in mind, however, that if feeding, expecially of protein, is very 
low the animals will become permanently underdeveloped. 

When the young are suckled but milk supplies are inadequate 
for the desired rate of growth, creep feeding of a supplement has 
proven satisfactory for beef calves, lambs, and pigs. Creep feeding of 
these species has become a standard management practice where 
maximum gains are desired in the shortest time. It is practical in areas 
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where concentrates are relatively cheap or preferential markctint. 
ditions warrant use of rather costly feeds Temporary pasture 
nuals can also be used for creep feeding should there be insufficient 
forage supply for both the dams and the young This may be especially 
useful in the development of herd replacements. Supplementary 
creep feeding with concentrates for replacement females is not tie- 


sirable unless the grazing is very poor , 

As pointed out in Chapter 12, early weaning is being emphasize 
more and more because of such advantages as improved feed uti iza 
tion, increased rate of gain, reduced parasitic infection leve s, re 
duced labor, and increased reproductive efficiency through ear ie 
rebreeding In Florida lambs from native ewes weaned at 70 ays 0 
age were 3 kg heavier at market date than lambs nursing until mar e 
date In other tests in Georgia (Baird and Sell, 1959) lambs weane a 
35 to 45 days of age and fed separated reached market weight as rap 
idly as lambs reared by suckling plus creep feeding The latter a 
forded advantages in cost of grazing per ewe and earlier rebreeding 
Where grazing is the only source of feed, it is normally cheaper 
to feed calves and lambs through the mother up to at least a mmim uia 
body weight The length of time is dependent upon the breed an 
season of birth Calves should weigh at least 140-160 kg, depen 
mg on breed, or approximately 30% of mature body weight before 
being dependent on grazing alone With large breeds, such as Santa 
Gertmdis, a minimum of 200 kg is desired Lambs should suckle for 
about 90 days or up to 60 kg body weight for the larger breeds, but 
only about 30 kg for native breeds These mimmums are equivalent 


to about 50% of mature body size 

In grazing experiments conducted in Puerto Rico on highly ferti' 
lized grass pastures with heifers containing 50 to 75% Zebu breeding 
it was found that animals weighing less than 120 kg when put on 
grazing had an average daily gam of 0 19 kg for the first 2 to 3 months 
Those in the 150-160 kg range averaged 0 39 kg, and those weighing 
225 kg or more averaged 0 71 kg Heifers starting at 110-120 kg re- 
quired nearly 2 years to reach a slaughter weight of 385 kg, whereas 
those weighing at least 160 kg required only 400 days to attain the 
same weight Even at an expanded stocking rate the smaller animals 
did not yield enough gam per unit of land to pay for the investment in 
improved grasses and fertilizer 


When the milk production of the dam reaches a very low level, 
Tk y ? un ^ s ^ ou ld be grazed on pastures separate from their mothers 
is has the advantages of increased gams, higher market grade, and, 
tor lambs, less parasites (Sou Reg Bui , 1966) 
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During the post-weaning period (weaning to time of sale or first 
parturition) the feeding system is generally controlled either by the 
feedstuffs available or the endproduct desired. Cattle may reach a 
body weight of 400 kg by 12 to 18 months of age, depending on the 
breed and die level of feeding. If diey remain on unfertilized natural 
grasslands, the average daily gain from birth onward will be about 0.2 
kg per day; thus they will require about 56 months to reach 400 kg 
(Figure 1.2). At high levels of feeding about 2000 kg of TDN would be 
required for cattle to reach 400 kg body weight. Even if it took 2 years, 
only 2700 kg of TDN would be needed, as compared to over 4500 kg 
needed for a period of 50 months. Similar animals fed in the post- 
weaning period (over 8 months) for 0.7, 0.5, and 0.3 kg gain per day 
will require 20, 25, and 36 months, respectively, to attain 400 kg. 
A gain of 0.7 kg per day requires one-fourth of the feed energy, to 
produce 400 kg body weight, required by a gain of 0.2 kg per day. This 
implies that economics is a primary consideration in the rate of feed- 
ing. All roughage diets will normally require 23 to 30% more total 
energy than concentrate rations due to the slower growth rate (Mc- 
Dowell, 1966). 

Lambs on full feed will reach 50 kg body weight in approximately 
130-180 days after birth, depending on the breed. As with cattle, 
level of feeding will markedly influence the time required to reach 
slaughter weight. 

Most commercial swine operators tend toward full feeding after 
weaning, their objective being to market the animals at about 6 
months of age. 

. Even where feed supplies are not a limiting factor, young females 
are not fed at as high levels as animals being prepared for slaughter. 
However, there is increased interest, where land or feed is expensive 
in feeding dairy heifers for calving by 24 months of age. The common 
practice is to feed replacement females for a medium level of gain. 
For instance, gilts are placed on a limited diet after reaching 50 to 60 
kg weight to prevent them from becoming overly fat before breeding 
at 8 to 10 months of age. 

At present it seems to be economically wise to get both females 
and males into production at a reasonably young age. It is generally 
recommended that heifers be brought along so that they will calve by 
3 years of age. Ewe lambs should lamb by 2‘/ 2 years and gilts should 
farrow by 12 months; otherwise, disproportional amounts of feed 
energy will be consumed in the preproduction period. Well fed bulls 
of European breeds or crossbreds can be placed in service by not later 
than 15 months in contrast to 30-36 months and later when feeding 
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Growth rate of Holstein females from birth to maturity, plotted on semiloga 
scale for New York (temperate) Louisiana (subtropical) and Puerto Rico 
(tropical) 


is poor With reasonably good feeding, almost any bull can be rea y 
for service by about 2 years of age . 

The influence of system of rearing on growth rate, age or r 
calving, milk yield, and return over feed cost can be illustrated y 
comparison of the practices followed m New York State, Louisiana, 
and Puerto Rico for rearing Holsteins (Figure 14 13 and Table 14 / 
Holsteins grown in New York are larger than those in the other two 
areas at birth and remain larger until maturity The average calving 
age is slightly less than 28 months and the average weight at calving. 
550 kg, the average first lactation yield is 5680 kg of milk, and app* -0 * 1 
mately 3500 kg of TDN are used per animal from birth to calving The 
feeding consists of milk and dry milk replacer at early ages followe 
by concentrates plus roughage from 3 to 12 months of age From 1 y e j* r 
until approximately 1 month prior to calving the heifers receive roug 
age alone or 1-3 kg of concentrate per day, plus roughage 

The growth rate of Holsteins in southern Louisiana parallels 
that for New York but at a slightly lower level The Louisiana Ho 
steins calve at around 30 months, at a weight of about 490 kg (Fig ure 
14 13) Up to 6 months of age they are fed much the same diet as New 
York Holsteins, later they receive concentrates plus grazing an 
silage The estimated TDN consumed up to average first calving ag e ** 
3160 kg of TDN, and the average milk yield in first lactation is 409 
kg 

In the better herds of the tropical areas the schedule of calf f ee( j* 
mg is similar to that in Louisiana— milk replacer, followed by a can 
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TABLE 14.5 

Estimated TDN used for rearing Holsteins to several ages for 

first calving, expected first lactation milk yields , and estimated returns 

overfeed costs for first lactation in Puerto Rico (tropical), 

Louisiana (subtropical) and New York ( temperate ). 


111 
< s 


Tropical 

Subtropical 

Temperate 

TDN 

(kg) 

Milk 

(kg) 

Return h 
($US) 

TDN 

(kg) 

Milk 

(kg) 

Return 
( $US ) 

TDN 

(kg) 

Milk 

(kg) 

Return 

($US) 

24 







2640 

5230 

345 

26 







2870 

5360 

355 

28 




2880 

3955 

260 

3530 

5680 

375 

30 




3160 

4090 

270 

3860 

5790 

380 

32 

2480 

3000 

200 

3450 

4218 

280 

4200 

5900 

390 

34 

2690 

3130 

207 

3730 

4346 

290 




36 

2900 

3200 

214 

4020 

4474 

295 




38 

3120 

3330 

220 

4300 

4602 

300 




40 

3330 

3430 

227 







42 

3550 

3540 

234 








"Age span in which 82% or more of Holsteins calve for first lactation. 

"Estimated returns over feed costs with base of $300 00 for 4540 kg lactation yields Feed costs and price of 
milk vary, but proportional returns are similar in all three areas 


starter ration supplemented with fresh green cut grass. The growth 
rate for the first 6 months is not distinguishable from that of Louisiana. 
But after 6 or 7 months the heifers are turned on pastures with no 
concentrates, and for 1 to 2 months the calves make little or no gain. 
By this time they have been set back so much that they remain smaller 
until maturity (Figure 14.13). This is principally because they can not 
get enough nutrients from the tropical grasses to make up for the 
delayed growth period. Calving occurs at an average age of 36 months, 
and at an average weight of 425 kg. These heifers require more kg of 
TDN to reach calving age, even at a much lighter weight, and produce 
considerably less milk than either of the other groups. The economic 
return is not much better even when calving is delayed to heavier 
weights, as it is by some farmers in Puerto Rico since the increased 
milk yield for calving at 38 months does not cover the costs of addi- 
tional feed. 

In these comparisons the New York farmer is far ahead in eco- 
nomic returns. He has higher returns over feed costs in first lactation 
than the farmer in the tropics, and his cows are almost ready for a 
second lactation before the tropical dairy herd has the heifer in lacta- 
tion. A series of grazing studies conducted in Puerto Rico (Vicente- 
Chandler et al. 9 1964) have clearly shown that Holstein heifers can be 
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grown out on good quality, fertilized grass .pastures after 7 months of 
age and can be expected to calve at 28-29 months of age, weigh 
470 kg 


SHELTERS 

General guidelines on the feasability of providing shelters for live- 
stock m warm climates are difficult to establish, principally e 
the paucity of research data From the information currently aval 
one can get evidence to support almost any position I anima 
fort, measured by level of body temperature, is used there is gen 
agreement that shades afford advantages in warm climates^ ^ “ 
judgment is based on performance, the advantages are debata e 
best guidance stems from applying research available regar ing ^ 
use of shelters in relation to certain principles about the innuen 
climate on animals and the purpose the animals are to serve 


Value of Shelters for Livestock 
in Hot Climates 

Because some provision for shelter is common practice in dairy opera 
tions, researchers seem to have given more attention to beef cattle 
their e\ aluations of shading A summary of a number of studies on 
value of shade for beef cattle is given in Table 14 6 On drylot fee 
mg, summer shades with aluminum roofs contributed to greater g a, *V 
in southern California and Arizona than in Kansas (in the central U 
and Georgia, where it was not as hot as in California but much more 
humid Under grazing conditions slightly greater gains were reporte 
for shaded than for nonshaded livestock, but the advantage was non 
significant except for cows in Louisiana Additional advantages o 
shading in California were that the shade groups consumed more fee 
and required 25% less feed per unit of gain than non-shaded anima s 
(Ittner ct al , 1958) From present evidence it appears that significan 
improvement in efficiency of performance can be expected from the 
use of shades with drylot feeding in hot, dry areas but that little it* 1 
provement will result from the use of shades with drylot feeding 
warm, humid areas or with grazing in either hot, dry or hot, humi 
areas 

Experiences in California and Arizona have indicated that the 
use of shades with cooling is a good practice for dairy operations l* 1 
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TABLE 14.6 

Value of shade for beef cattle. 


Location 

Cattle 

Shade 

Average daily 
gain (kg) 

DRYLOT 

California 

Steers 

None 

.74 



Aluminum, with fan 

1.04 

Arizona 

Steers 

None 

.66 



Aluminum roof 

.87 

Kansas 

Steers 

None 

.90 



Aluminum roof 

.96 

Georgia 

Steers 

None 

.98 



Painted metal roof 

1.00 

GRAZING 

Mississippi 

Steers 

None 

.47 



Trees 

.68 

Georgia 

Steers 

None 

.59 



Metal roof 

.62 

Louisiana 

Cows 

None 

-.02 



Painted metal roof 

.38 



Trees 

.52 


Calves 

None 

.54 



Metal roof 

.81 



Trees 

.79 

Oklahoma 

Cows 

None 

.65 



Metal roof 

.83 


Arizona lactating cows having access to shades with evaporative cool- 
ers had markedly higher breeding efficiency than cows having access 
to only conventional shades (Wiersma and Stott, 1965). In the same 
study milk production in the group maintained under the cooled 
shade was 1.8 kg more per day per cow than in the conventionally 
shaded group. This represented a difference of 6.5% between the 
total yields of the two groups. 

Experiments conducted under more humid conditions prevailing 
during the summer months in Georgia and Louisiana have not shown 
that shades give any advantage. Lactating cows kept on drylot, with 
and without shade except for milking times, showed comparable 
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total feed intake, water consumption, and yields of milk. 
solids-not-fa, Similar results were olita.ncd in southern Louisian^ 
In the Louisiana investigations, the level of liber in t , hne 

peared to be more important in performance than shad, " g J * dld 
Ct al , 1968) The addition of fans, sprinklers, or both m Ge f, 
not significantly improve the effectiveness of the shelters 
There are probably several reasons for the poor shown g 
humid areas Air turbulence is usually lower ,n hum.d cbmat s 
i dry climates, and it is further reduced when animals come 


than in c 


close proximity underneath the shade^ tlius tlie rate 


cooling is reduced The shade may offer some protection trom 
solar radiant heat, but this is apparently offset by the increase 
required by shaded animals to restore their heat balance atte 
because of the slow rate of cooling Another reason is that w ie 
rnals are on relatively good pasture and do not need to cover a * . 
areas as in dry climates, they tend to fill rapidly and spent mos 
day under the shade This leads to some reduction m the total aa 
feed intake of shaded as compared to unshaded animals 

Movable shades 3 7 X 4 9 x 18 meters high have proven sum- 
cient to support satisfactory gains and feed conversion for swine o 
grass lots in Georgia Although the addition of sprinklers r ° u ® ' 
about some increase in daily feed intake and rate of gam, the re 
ment did not decrease the amount of feed needed to produce a uni 
gain The conclusion was that additional costs and sanitation 
lems were created by spnnklers on unsurfaced lots Under con n^ 
ment rearing, the most economical means of reducing heat stress 
swine would be through evaporative cooling This may be achieve 
in one of three ways (1) by providing an artificial wallow, where 
pigs may be partially wet and presumably get out at intervals to ry, 
(2) by cooling the air with a fogger, which may also involve some 
wetting of the pigs, and (3) by spraying or sprinkling the animals pe 
nodically but allowing them to dry between wettings Even these 
innovations have not proven worthwhile in Puerto Rico Here, 
open sided bam with partially slatted floors for feces and urine as 
proven best from the standpoint of animal health (Figure 14 14) T e 
latter seems to offer certain advantages since wallows tend to become 
unsanitary and fogging cools a large quantity of air, only a small pa 
of which contributes to evaporative heat losses from the animals 
Tests in California (Momson et al , 1968) showed that a sprinkling 
interval of 80 minutes was sufficient to keep efficiency of performance 
near the ' 'nklmg of swine is recommended for both dry 

and hrv\ ences ! n Callf ‘ 
shades with cooling 
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FIGURE 14.14 

Housing for swine recommended in Puerto Rico. 


Orientation of Shelters 

If it seems desirable to construct shelters for protection against solar 
heating, the orientation of the shelter should be planned for best ef- 
ficiency. A shade with its long axis running east to west will provide 
a cooler environment underneath than one with a north-south orienta- 
tion (Kelly et al., 1950). Ground temperatures will be lower under the 
east-west shade due to more shading during the day. For dairy and 
beef cattle, the north-south orientation is preferred because the short 
time of shading of the ground will allow it to dry more readily, thereby 
minimizing problems of sanitation. If the animals are free to move 
about tire shade, they will shift position so as to use the shadow cast 
by the roof of the shade (Figure 14.15). According to Kelly et al (1957) 
the temperature of a clear sky on the west side of a shade while the 
sun is 0-60° above the horizon will range up to 20°C cooler than on the 
sunny side. The reverse situation occurs in the afternoon. When ani- 
mals are underneath the shade there will be some radiation from the 
body to the cooler sky but Kelly et al found that animals standing in 
the shadow had a much greater opportunity for radiation to the cooler 
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cool sky (Courtesy T E Bond USDA) 


sky They, therefore, recommended north south orientation with a 
lowance of free movement of animals as being the most satisfactory 
for cattle, especially m hot dry climates In hot, humid climates clou 
cover will usually be such that the sky temperature on the side ot tn 
shade opposite the sun will be just slightly lower than for the sunny 
side This will limit the opportunities for using the sky to help P r0 ~ 
mote heat loss, thus minimizing sanitation problems is the main rea 
son for north south orientation in hot, humid climates 

It appears that shades 2 to 3 meters in height are more suitable 
for warm, humid climates than the 4 to 5 meter height recommended 
for dry climates 


Shade Covering 

Over 50 materials have been tested for use as shades in California ex 
penments (Bond et al , 1961) Their values ranged downward from 
hay or straw, which is best, through galvanized steel, lowered shades, 
plywood, and several types of plastics, to snow fencing, which > s 
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FIGURE 14.16 

A thatched roof is adequate for protection against solar radiation but 
creates problems of sanitation in the humid tropics. 


least effective. On a typical summer day differences in the radiant 
heat load under shades covered with straw and galvanized iron or 
plastics were on the order of 163 kcal/hr m 2 of animal surface. Hay or 
straw may be satisfactory for dry areas, but they are not very practical 
for humid areas because of the deterioration and sanitation problems 
caused by slowed drying (Figure 14.16). Painting galvanized steel 
with white paint reduces the surface temperature as much as 28°C. 
Where both water and drainage are available, wetting the roof surface 
aids in lowering the temperature; but this practice is not recom- 
mended for humid areas unless the water is collected to prevent run- 
off near the shelter. 

Trees will generally provide acceptable shade, as illustrated in 
Figure 14.17. In many respects they are more suitable than con- 
structed shades, especially for humid areas since trees allow better air 
circulation. The problem arises in relation to location of the trees and 
the grazing. Often trees are not located most convenient to the grazing 
area. Also trees are subject to severe damage from heavy concentra- 
tions of animals around them. 

Sheets of polyethelene plastic are not very effective in reduction 
of radiation but this type of material can be placed over a frame to 
reduce wetting for newborn animals or to reduce drafts and chilling 
in large structures, such as calf rearing quarters. In southern Louisi- 
ana, the mortality and health problems of lambs, calves, and pigs 
were markedly reduced by use of plastic, either as a wind shield or as 
a protection from cold for young bom in winter or early spring. 
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FIGURE 14 17 . Intf 

Trees with high tops ami small leaf surface such as pines make excellcn s 
for cattle (Courtesy J C Johnson Tifton Georgia) 


Space per Animal 


A shaded area of 2 5 m 2 per animal appears satisfactory for beef ca ^ 
on drylot feeding Total pen space may go as low as 8 3 m 2 peranima 
without interfering with feed intake and rate of gain (Garrett et a 
1962) For lactating dairy cows a minimum of 5 0 m 2 of shade is recoin 
mended with a total pen space of at least 12 m 2 for drylot operations 

Comparisons of rate of gain and feed conversion indicate ® 
shade space of 1 9 m 2 is better for swine than either 0 9 or 0 5 in 
Space per pig is more important for 50 to 100 kg animals than or 
smaller pigs (Bond et al , 1962) . 

At present, the cost of total air conditioning is considered too nig 
in relation to returns to be warranted for any species of livestock, in 


eluding poultry, except under unusual circumstances Where it v 


,uld 


give the most benefit— warm, humid areas — the operating costs are 
extremely high because of the amount of water that must be remove 


•ed 

from the air In hot, dry areas an evaporative or "desert” cooler > s 
very practical and inexpensive to operate if there is adequate water 
available 


For shelters to be profitable, they must improve the environ 
mental conditions in a manner that can be measured in increase 
efficiency of performance In spite of the limited research on shelter 
needs in the tropics, a reasonably practical approach can be decide 
upon with the help of the Table Id 7 Shades may not be effective 
unless constructed of suitable materials and utilized properly-"" 1 
ness three unsatisfactory structures in Figures Id 18, Id 19, and M 20 
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in contrast to two very practical structures, one for calves (Figure 
14.21) and the other for lactating cows (Figure 14.22). Shelters seem 
to be a must in hot, dry areas, particularly for animals in confined areas 
and on high levels of feeding. In humid areas, the most suitable sys- 
tem is to provide access to shade during the warmer part of the day 
and to put animals in the open after sunset to promote loss of heat 
accumulated in the animal body. Animals treated in this fashion will 
usually maintain nonnal levels of feed intake and performance. Some 
practical facilities for milking shelters are illustrated in Figures 14.23, 
14.24, and 14.25. 


table 14.7 

Considerations for shade in warm climates. 


Environment 


Factor 

Hot dry 

Hot humid 

Desirable for animal comfort 

Yes 

Yes 

Most desirable type 

Shed 

Trees 

Constructed shade 

Height (m) 

3. 7-4. 3 

2.4-3.7 

Orientation 

North-South 

North-South 

Flooring 

Earth or concrete 

Concrete 

Roof shape 

Sloping 

"A” type with cap 

Covering 

Aluminum, straw, 
or any material 
with low emissivity 

“Snow fence" or 
metal of light 
color 

Shade with fans 

No 

? 

Shade with logger or sprinklers 

Yes 

? 

Shade with desert cooler 

Yes 

No 

Dairy cows 

Drylot 

Yes 

Yes 

Grazing 

Yes 

? 

Young stock, grazing 

No 

No 

Steers, drylot 

Yes 

Yes 

Reef cows 

Grazing 

No 

No 

Drylot 

No 

No 

Sheep 

Drylot 

Yes 

? 

Grazing 

No 

No 

Swine 

Yes 

Yes 

Poultry 

Yes 

Yes 
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FICURE 14 18 

This housing is inappropriate for young stock, especially in a hot, dry region 
due to the high heat capacity of the concrete roof The high side walls reduce 
air circulation 



figure 14 19 

Shades with concrete roofs are the least desirable particularly for a hot, dry area- 






FIGURE 14.24 

In Madagascar milking stalls mounted on runners are popular for ease of movement 
from one grazing area to another. These stalls provide a means of restraint even 
for temperamental cattle and shade for both animal and man. (Courtesy W. 
Schulthess, FAO). 
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CONFINED REARING 

Confined reanng is used to describe operations where animals have 
been either completely or primarily removed from grazing India ^ 
the thought of confined reanng in the tropics is objectionab e rom 
several standpoints Nevertheless, it is already practiced to various 
extents in tropical areas for the same reasons that it is practice in 
temperate areas expansion in size of operations, increased specia iza 
tion, more efficient use of labor, nsmg cost of land near urban centers, 
and increased efficiency of crop production through the use of store 
feed The outlook is for the continued spread of this practice in a 
countries, not only through expansion of existing operations but a so 
as a means of making effective use of additional lands brought into 
agricultural production, particularly where expensive drainage is 
required Confined rearing and harvesting of forages will be necessary 
to support investments in these lands , 

Confinement often constitutes a major change in the amnia s 
environment, which in many respects creates a need for a different se 
of management practices In warm climates it increases the impor 
tance of attention to animal health, such as the danger of rapid sprea 
of communicable diseases, but at the same time provides an oppor 
tumty for utilizing protective measures Maintenance of a good degree 
of sanitation is mandatory This is especially true for minimizing 
health problems like foot rot Moreover, when adult cattle, sheep, or 
swine are kept continuously on a concrete surface, attention to sue 
things as trimming of feet must become a part of the management 
system, although this may be unnecessary under grazing conditions 
With sizable numbers of animals confined to a relatively sma 
space, management practices and facilities such as buildings, equip* 
ment, and layout, take on added significance All too often the transi- 
tion from continuous grazing to confinement takes place throug 
gradual modification or addition to existing facilities When the transi 
tion is made m this way, the age of the animals, local building costs, 
labor availability, and problems of local climatic conditions are not 
usually given adequate consideration Inadequate planning in regar 
to these may lead to failure to attain the objective of shifting to con- 
fined reanng— namely reduction of unit production costs 

Performance of confined animals can be affected favorably or 
adversely by the amount of space allocated to them, accessibility of 
feed and water, exposure to insects, presence of other animals, “pe ck 
order social relationships, amount of shade provided, and other ex- 
ternal conditions It has been found that cattle of 300 kg and larger 
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limited to 3 m 2 of slotted floor space required 20% more feed per unit 
of gain than those allowed 60% more space or cattle on dirt floors with 
9 m 2 per animal (Maddex, 1967). 

How to dispose of accumulated manure and urine in an efficient 
and sanitary manner is of major concern, especially in large operations 
near urban centers. In areas of high humidity, continuous dampness 
and ventilation for the facilities may be critical problems. 

Although research on suitable systems of housing and handling 
for tropical areas is virtually nonexistent, the use of concrete surfaces 
for older animals and elevated pens for young animals, to increase dry- 
ness and control of parasites, appears reasonably satisfactory and 
widely accepted. However, in confined rearing of calves or other 
young, the mistake is often made of changing the animals from drylot 
and concentrate feeding to outdoor grazing in one day. Such an abrupt 
change negates much of the benefit of the confined rearing. 

Probably the greatest disappointment in confinement systems in 
the tropics to date has been the lack of improved performance of older 
animals, such as lactating dairy cows. Oftentimes confinement and 
drylot feeding of green chopped forages have given no better or even 
poorer performance than when the cattle were grazing. This is be- 
cause, on the average, the nutritive value of the harvested forage is 
considerably (5-20% lower in TDN) lower than the herbage selected 
from the same sward by animals grazing. Therefore, when the volume 
of herbage available allows a low stocking rate, conventional grazing 
results in higher performance than does the feeding of green chopped 
forage. The differences between green chopped and grazing may, of 
course, be offset by the additional energy expended by grazing ani- 
mals. A cow, for example, may need 15 to 40% more feed on grazing 
to produce the same amount of milk as under confined feeding con- 
ditions. 

These are not insurmountable problems, but they must be given 
attention if adequate returns are to be obtained on the capital invest- 
ments in equipment and facilities for confined rearing. 


CASTRATION OF MALES 

Castration of males not designated for breeding appears to be an al- 
most universally accepted practice with swine. But castration of rams 
and male calves, although standard procedure in some places such as 
the U.S., is practiced to varying degrees in other places or not at all. 
In many enterprises castration could serve a very useful purpose. 
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namely the initial step toward selective breeding This, and perhaps 
reduction in risks when handling appear to be the major benefits 
Experiments in Europe and the U S have shown that intact ma e 
will gain more rapidly than castrates under drylot feeding operations, 
but steers or wethers have higher carcass scores 

There have been few experiments comparing the performance o 
intact males and castrates under continuous grazing conditions re- 
liminary evidence from Tanzania (Macfarlane, 1966) showed at up 
to 52 weeks of age there was no significant difference in the weig 
gains of castrate and intact Zebu males There was a trend in favor o 
the intact animals between 1 and 3 years of age, but the advantage 
was not maintained to slaughter at 4 years Dressing percentages 
were similar The weights of forequarters were nearly equal in e 
two groups, but the castrates were heavier in the hindquarters 

Wound healing, if castration is done by surgery, can be a prob em, 
especially in areas where screwworm is prevalent Emasculating 
more commonly practiced as a bloodless procedure by using su 
equipment as a Burdizzo , 

Since intact males seem to have little advantage from the stan 
point of growth and acceptability in most markets of the tropics, » 
appears that castration should be incorporated as a standard feature 
of management, primarily as an aid in genetic improvement 

There are certainly many additional factors to consider m deter 
mining the most efficient system of management Other aspects, sue 
as the best season for breeding, are touched upon throughout the tex 
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RICHARD G. JONES 


Sheep Production in the 
Semi-arid Areas of Africa 
and Southern Asia 


There are approximately 1.06 billion sheep in the world (FAO, 1969), 
most of which are kept on the non-arable grazing lands of both the 
temperate and subtropical regions. Of these, more than 15% are found 
in Australia, nearly 40% of them above the 30° south latitude. Aus- 
tralia has mounted an extensive research program on behalf of her 
sheep industry, and this program has contributed much useful knowl- 
edge to the field. Its main focus has been directed toward increased 
wool production (Moule, 1968). South America has nearly 13% of the 
world’s sheep, about 15% of them located in the region north of the 
30° south latitude. As in Australia, the main objective of sheep rearing 
has been wool production, with meat a secondary purpose (Turner 
and Young, 1969). The largest numbers of sheep in the N-S 30° lati- 
tudes are in the region between 15 and 30° north latitudes, or the 
northern half of Africa and southern Asia. This region has more than 
25% of the world's sheep population. 

Even though sheep have been dealt with throughout the preced- 
ing discussions, those in the 15 to 30® north latitudes of Africa and 
southern Asia are singled out for some special attention for several 
reasons. In this region sheep are more important to a greater segment 
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FIGURE 15 1 

A ram of the Bikanen breed, common to the villages in northwestern 
India. This breed is considered adapted to spare feeding and dry, hot 
regions Classed as a dual purpose breed, it produces milk and a coarse 
quality of wooL (Courtesy H C Pant) 


of the agricultural population than anywhere else Secondly, the tea 
sons for keeping sheep, in order of priority, are milk, meat, pelts, an 
wool, in contrast to the principal interest in wool or meat in ot * e 
areas such as Australia and South America Thirdly, the cultural an 
political environments require somewhat different approaches 0 
programs for improvement of production 

Fourthly, the fluctuations in climate in this region can be lS 
astrous even for sheep. The temperature may rise to 45 C C on summer 
days and drop to — 5°C on winter nights Sandstorms are frequent an 
wind velocity may reach 60 km/h Annual rainfall is not certain an 
successive years of drought may be followed by heavy rain, causing 
torrents The sheep in such an environment must be capable of wi 
standing extreme hardships Some breeds show reasonable tolerance 
to the climate but do not appear very productive when judged by e 
standards of other areas. The apparent poor performance of the 
sheep has led to advocating diffusion by partial introduction of other 
breeds or complete replacement 




FIGURE 15.2 

Ausimi or Oseini is one of the most popular breeds throughout northern Africa and 
southern Asia. It has been classed as a fat-tailed, coarse wool type and is used 
principally for meat and milk. The bead is free of wool but covered with brown hair. 
The wool is white. 



FIGURE 15.3 

Somali or Blackheaded Somali is classed as a fat-rumped type. It has 
a white, hairy coated body, black head, and long slender legs. It is 
native to Kenya and Ethiopia but is found as far south as South West 
Africa. (Courtesy of T. Erasmus, University of Port Elizabeth, 

S. Africa). 
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SHEEP AND WATER BUFFALOES 

Maintenance of sheep in this region is of two ma,n 
few animals owned by individual households among he sedentao 
population, and (2) flocks owned by families and herded as g P 
over migratory rlnges There are a number of pmctices common Jo 
both But the types of sheep preferred by sedentary an ' 8 ^ 

owners may be different For example, the vllla 8® sheep "U, " 

fat tailed (Figure 15 1), while those maintained by the tnba g 
are predominantly the fat laded (Figure 15 2 or fat-rump W» W 
ure 15 3) The discussion will deal principally with migratory 
raising 


CURRENT PRODUCTION METHODS 
Feeding 

For both the village and migratory flocks, the main feed supplies 
from grazing native grasslands adjacent to villages or migratory ran » 
plus cereal grain stubble, cereal grain straws, and perhaps some > 
products or forages The grasslands generally consist of anr j“ 
grasses Most of these lands have been overgrazed for sti long ^ 
many of the more palatable species of plants have disappeared mc^ 
the ranges are stocked beyond capacity, increased production o * 
this source in the immediate future is impossible The fall and 
months are the most critical feed periods Death losses each >_e 
reach 209b or more of the total numbers, due almost entirely to lac o 
feed Often the migratory flock owners do not provide supplementary 
feeding beyond the use of straws Some tribal groups resort to housm 
their animals in caves dunng the winter months m order to reou 
food needs Other groups may provide supplementary feeding dunn 
the winter, and a few may plant a crop of Berseem closer { TnjOli 
alcxandnum L ) for winter and early spring grazing, but such practices 
are not extensive, among either the nomadic groups or the sedentary 
v lllagers 


Rearing of Young 

In Iran, about two-thirds of the ewes Iamb as 2 year olds and the rest 
as 3-year olds, depending upon the availability of feed and the sea 
son in which the ewe was bom (Jones, 1964) If the ewes are well 
grow n they may lamb first as early as 18 months (Ghoneim etal , l 9aa 
Jones et al , 1968) However, in northwestern India, West Pakistan- 
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and Afghanistan the preferred age of first lambing for village ewes 
is 3 years due to higher milk yield and better viability of lambs (US 
AID, 1962). 

In die whole region, most lambing takes place in the early spring 
— December through February in the lower latitudes, and January 
through March in die northern part of the region. Time of lambing is 
especially important for migratory flocks; each tribe determines the 
exact period for its flock. The percentage of twins is very low (about 
2.2%) compared to temperate breeds. Whether the low twinning rate 
is attributable chiefly to genetic makeup or environmental effects has 
not been determined. But there is some indication that it may be 
largely due to nutritional levels, as similar ewes well flushed before 
breeding may have a twinning rate of 25% (Jones, 1964; Ampy and 
Rottensten, 1968). The average lambing percentage for mature ewes 
in most flocks is from 70 to 80% depending on feed supplies. 

The birth weights for single ram lambs averages around 4.0 kg 
and 3.5 kg for ewe lambs. Some breeds, such as the Moghani of Iran, 
have flock averages of 4.2 kg for ewe lambs and 4.4 kg for rams. On 
good feeding most breeds will have birth weights exceeding 4.2 kg. 
Following birth, lambs are generally allowed to nurse at will for sev- 
eral days. Adoption of lambs is left largely to die ewes. However, die 
ewes are extremely good mothers, so few, if any, lambs are orphaned. 

Under range conditions lamb mortality varies from 5-20% de- 
pending on the feeding conditions for the ewes and the time of lamb- 
ing. Mortality is highest when lambing occurs after migration is un- 
der way. On government stations, mortality from birth to 2 months is 
1-7%, which indicates that with good feeding die viability of the in- 
digenous breeds is good. 

Among the nomadic tribes, the lambs are never permitted to run 
with the ewes until die second or third month — the usual weaning 
time. The lambs are either kept in the village compound area or pas- 
tured separately when diere is available feed close by the village or 
tribal headquarters (US AID, 1962). They are managed by young 
children. At night when the flocks are brought back the lambs are 
allowed to nurse and remain with their mothers overnight. Separation 
of die Iambs from the ewes during die day is practiced to protect lambs 
from predators and permit the ewes to cover larger areas for feeding. 
This procedure is followed until the Iambs are weaned. Normally, 
milking takes place at noon, after which the Iambs are allowed to 
nurse for a short period before the groups are again separated. Some 
tribes follow this same pracdce in the evening. Milking for human 
consumption is begun after the first month of lactation. Because the 
Iambs are only allowed one or two nursings per day and the remainder 
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of the time they are grazing, the weaning process is accomplished 
fairly early The average weaning weight is about 14 kg No favo 
is shown the newly weaned lambs, on the contrary, ewes are given 
best feed so they will continue in lactation 


Time of Breeding 


Castration of ram lambs is usually delayed for a year or more, P 
manly so that development can be evaluated before animals are s 
lected for breeding The age of breeding rams is generally from * 
to 6 years Selection of rams is pnmanly on size and to some ex en 
charactenstics of the fat tail Little attention is given to wool yie 
and quality, body conformation beyond skeletal development, an 
size of tail or other charactenstics Sometimes dark colors are e 
liberately selected because of the opinion that dark colored skin an 
wool reflect a stronger animal (Jones, 1964) The average ewe to ram 
ratio is about 12 ewes per ram, but among Karakul producers it is no^ 
uncommon to use one outstanding ram per 180 to 200 ewes 1 nis, 
course, is with hand mating Rams are usually left continuously Wi 
the ewes, but this does not appear to greatly influence lambing as 
most of the breeds have a definite breeding season Also, since tn 
rams do not receive any supplementary feeding, they show lowere 


libido and virtually no mating in the poor seasons 

Dunng the breeding season, the ewes are rather aggressive when 
in estrus This is especially true for Karakul, thus there is little cn 
ficulty in carrying out hand mating The average estrus length for sev 
eral breeds is from 24 to 36 hours, with variations among ewes from 


16 to 84 hours The ewes will receive the ram very readily any time 
during estrus The average number of services for conception is f " 
to 1 4 (US AID, 1962) The occurrence of silent heat is relatively l° vV 


(17-20%) m spite of the rigorous environmental conditions The m 
terval from lambing to postpartum estrus may vary from 17 to 1 
days with the average about 42 days Level of nutrition and number 
of offspring— twins or single— are significant factors in the time o 
estrus Ewes with twins have their first estrus 5-15 days later than 
ewes with singles (Sahm and Roy, 1967) 

The breeding efficiency (proportion of ewes exposed to breeding 
that conceive) of indigenous breeds in this region appears to be as 
good as for temperate zone breeds Studies of migratory flocks in IraQ 
revealed an average of 17% infertile ewes per year But the average 
was as high as 30% in some years, depending on the proportion oj 
>oung ewes and the time of previous lambing Among 2 year oW 
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yearling ewes the annual infertility ranged from 20 to 40%. Poor 
fertility in this group was related to age and time of birth. Ewes bom 
between October and December had good fertility, while those born 
in February were reluctant to breed as 2-year-olds. Infertility was 
high, too, in mature ewes that lambed out of season (February- 
March). Of course, the number of matings per ram and the ram to 
ewe ratio were additional factors in flock breeding efficiency. 


Milk Production 

Most of the native type ewes are reasonably good milkers, although 
there is tremendous variation within the breed groups. The Karakul, 
on the average, is the poorest milker. As in temperate zone breeds, 
tire heritability for milk yield ranges from 0.20 to 0.27, with a repeat- 
ability of lactation yield of 0.40 (Soller et al., 1966). In Iran the aver- 
age lactation yields for Baluchi ewes was 50 kg in 80 days, with a 
range of 0 to 91 kg. Five-year-old ewes had tire highest average yield. 
The average yield of a selected flock of this breed was 67 kg per lacta- 
tion (Jones, 1964). Sandjabi (known elsewhere as Awassi) ewes in 
Iran averaged 24 kg exclusive of that given the lamb, which was esti- 
mated at 15 kg. This breed is considered one of the best milk breeds. 
Under good feeding conditions in Lebanon, the average yield was 
about 200 kg in 190 days, with yields as high as 300 kg per lactation 
(Choueiri, 1968), Typical Baluchi and Sandjabi rams are shown in 
Figures 15.4 and 15.5. 

Where selection is practiced among ewes, emphasis is given to 
milk yield. However, selection among ewes is restricted due to en- 
vironmental effects, particularly feeding conditions. Because of this, 
any genetic improvement comes largely from the ram side. Indirectly, 
consideration is given to milk yield of ewes through selection of ram 
lambs for breeding on size for age. Under such primitive conditions 
and wide seasonal fluctuations this is about all that can be expected 
(Soller et al., 1966). 

The average percent milk fat for the Baluchi, Sandjabi, and 
Moghani breeds is 6.21, 6.47, and 5.69, respectively. These averages 
indicate variations among breeds. However, some of the difference 
may be due to different sampling procedures — e.g., milking the ewe 
dry or leaving some for the lamb. A study of Baluchi ewes showed 
that the first 200 grams of milk drawn averaged 3.93% milk fat— ap- 
proximately one-third of the total yield— the second 200 grams 5.07%, 
and tire last drawn milk 7.20%. Invariably the ewe is hand milked 
first and the lambs nursed following milking, which means the lamb 




FICURE 15 4 

Two-year old Baluchi ram selected for stud on government farm in 
Iran The breed ongmated in West Pakistan and Afghanistan but it is 
also popular in Iran and Iraq It is classed as a coarse wool type but is 
good milk breed and considered very hardy It has white wool and 
characteristic black nose and feet (Courtesy F Olvey U S AID) 
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Outstanding yearling Sandjabi ram that weighed 72 kg at 18 months of 
age Till* is one of the outstand ng kundish breeds Its large size good 
n “ U p ,, lrt, , on ■ iri d desirable carpet wool make it popular among tlie 
*“ ,n "h c 1 erders (Courtesy R C Jones) 
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FIGURE 15.6 

Typical method of milking in Iran. Children hold the head while the 
women rapidly milk with both hands by stroking the teats downward 
with thumb and forefinger. (Courtesy R. C. Jones). 


receives the bulk of the fat produced. Because fat is of real importance 
in the production of cheese, it seems attention ought to be given to 
ways of changing this practice. The high fat content of the lamb’s 
diet may also contribute to tire incidence of enterotoxemia among 
lambs. 

In both the migratory flocks and in the villages the women do the 
milking (Figure 15.6). The ewes are docile, and accordingly accept 
milking with a minimum of trouble. To what extent the presence of 
the lamb may influence milk let-down is unknown. It may be of some 
significance but evidently not nearly as important as for most cattle 
indigenous to the tropics. 


Wool 

Some of the finest carpet wools of the world are produced from the 
native fat-tailed sheep; especially in Iran and Iraq. Most of the best 
Karakul pelts come from tire northern part of the region. 

Shearing is generally done in the early summer months, when 
there is little, if any, possibility of further rain or cold nights. Since 
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the shears are usually very crude, shearing ,s sl °"’ ™T,ch 

A was si increased total wool production by 0 4 to 0 5 kg o 
shearing, but there was no economic gain as the wool sold at a 
price per unit weight (Al-Aubaidi et al , 1968) ( 

On a regional basis the average unwashed fleece weight 
one kilogram (US AID, 1962) Fleece weights may vary to ' 50 
tent with age, feeding, sex, and breed Sampling from a i large m g 
lory flock of the Sandjabi breed in Iran gave fleece weights ot . • 

1 7, 1 7, and 1 8 kg for 3, 4, 5, 6, and 7-year-old f wes - r . es P e f ‘ i 
(Jones, 1964) In other studies, rams averaged 1 82 kg, while the 
fleece weight for ewes was 1 67 kg The average fleece weights > 
Sandjaln and Baluchi, which are given as 1 83 and 1 69 kg ( a 2 ’ 

1968, Chouein, 1968), indicate some variation among breeds n. 
so, yearly averages for flocks within breeds show as wide vana 
those among breeds Lambs are first shorn at 16 months of age 
age their fleece weight is similar to the flock average Weight or e 
at first shearing is not given consideration in selecting rams ^ 

The customary procedures for handling the wool are poor j ^ 
shearing is done during migration, the unwashed fleeces are tie 
tight bundles The fleeces may be transported for as much as a m0 
before being sold (Jones et al , 1968), deteriorating in quality in 
meantime The only sorting at the time of sale is the separation ^ 
lambs wool Colors are mixed and length and grade variations are n 
observ ed 


Susceptibility to Disease 

Numerous diseases have been observed throughout the region Some 
observers attribute the high mortality rates to disease, but od' er ^ 
contend that the losses arising from diseases per se are relatively °' 
and that most losses result from poor nutrition The highest morbi i 
losses are from foot rot This also causes death becase it restricts graz 
mg and there is no other feeding available The incidence of c 
pcj/nngenj— type B enterotoxemia— (lamb dysentery) in weanin 
aged lambs is often high It can be controlled by vaccination eit 
just before or after \s caning, but this it is seldom done, particularly 
among migratory flocks 
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White muscle (stiff lamb) disease is seasonally prevalent. Oc- 
currence has varied from flock to flock and from year to year in the 
same flock. Morbidity has ranged from 5 to 20% and up to 50% in 
some flocks. Mortality has been estimated at 22%. The disorder has 
been observed most frequently between mid-April and mid-May and 
primarily in lambs from 15 to 45 days of age. Sex and breed do not 
seem to affect the incidence. Subcutaneous injections of sodium sel- 
enite (1%) has resulted in 94-99% recovery of affected lambs. Dos- 
ages of vitamin E given orally has brought about 94% recovery but 
a longer time was required (Ozcan, 1967). 

A chronic infectious disease, paratuberculosis (Johne’s disease) 
that causes thickening of the intestinal wall and recurrent diarrhea 
was formerly not considered present or unrecognized in the region, 
but it has been identified in several Ministry of Agriculture seedstock 
flocks of imported breeds in Iraq, Iran, and Jordan. Since rams from 
these flocks have been widely distributed, the disease is likely to 
create serious future problems in the region. Its presence may be 
quite widespread before recognition since parasitism and malnutri- 
tion are often mistaken for Johne’s disease. 

Tick borne diseases do not appear serious in this region. Also in- 
ternal parasites are not generally a major problem among the migra- 
tory flocks although some losses are reported, especially when the 
sheep are housed under poor conditions (dark, dank caves or closed 
mud huts) during the winter. 


Feed Requirements 

The native sheep of the region are probably well adapted to survival 
on grasses low in nitrogen. It has been shown that Awassi sheep can 
retain urea at the renal level and are better able to utilize nitrogen 
recycled by the renal system than breeds studied in Britain. How- 
ever, the availability of energy or other nutrients in the feed supplies 
may impose limitations on the extent of the utilization of recycled 
nitrogen. 

In India it was found that adult rams could be maintained on 75% 
of the National Research Council’s (NRC) recommended allowances 
of TDN and digestible crude protein. However, lambs from ewes fed 
at this level were subnormal in birth weight. Feeding at levels of 
100-125% of the NRC standards gave the best reproductive perform- 
ance and milk yields. From these findings, the consensus is that the 
energy requirements per unit of metabolic size (w 3 /») for good per- 
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formance .s about the same for nattve sheep as 

but that native sheep can get along on considerably less total 

than is required for the larger temperate zone breeds 


Marketing 

The marketing of sheep m this region is a far more complex and 
tncate procedure than even the most remote producer faces 1 
other areas The vast problems the flock owner encounters in 
mal marketing cycle have a tremendous effect upon production 
portation is a major factor as the absence of roads necessitates e 
ing of animals long distances , 

As a general rule, most sheep sold for slaughter are price o 
carcass basis, while those sold from producer to feeder are so 
the head or ‘‘two by two ” On some occasions animals may be weig 
alive. When this occurs the pnce is usually fixed on a dressed asi 
and an arbitrary 50% yield is used to calculate the final price nc 
paid in slaughterhouses are based on “hot” weights Generally, 
pelts are sold separately T , 

Selling penods for sheep and goats follow a definite pattern 
lowest sheep receipts are in the winter and highest in early summer 
The number of females sold is low, about 10% of those 2 years o 
younger, 6% of the 3 to 4 year olds, and 10 to 15% of the 5-y ear-o 
and older ewes (Jones et al , 1968) This is due to the influence o 
migration, the high seasonal death losses experienced by the tn a 
groups, and the need to retain replacements 

There is normally a “middleman” involved in the selling 
largely responsible for the stability or instability of the meat industry 
The middlemen travel to the tribal migration ranges and remote vi 
lages to procure animals for marketing m the large cities Their trans 
actions are handled in cash and selling is by the head In the ur an 
market the middleman may sell to a butcher or pay slaughtenng f eeS 
and sell to shop keepers On some occasions a tribal representative 
may sell for the group to butchers at the slaughterhouses It i s ,s 
group that seems to commit the most flagrant violations of ethical h' e 
stock marketing practices— witness the plight of producers who have 
sold their sheep to a butcher who, in turn, refuses to pay until he a 5 
retailed the meat The producer is not able to cope with dubio u * 
business dealings in the marketplace itself And given the politic** 
povser of the butchers and particularly the middlemen, municip 3 1 
ties are reluctant to enforce the necessary rules and regulations 0 
safeguard the marketplace for all 
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FUTURE PRODUCTION 

There are some who favor improvement of cattle production at the 
expense of sheep production, believing that cattle will gradually re- 
place sheep in this region. However, the values reported by Cook 
(1970) from studies under western range conditions in the U.S. sug- 
gest that pushing to replace sheep would be very unwise. Cook found 
that on a 12-month basis a ewe-lamb unit will convert the gross energy 
in range forages to salable body gain at least 20% more efficiently 
than a cow-calf unit. Assuming that sheep will continue to play a 
major role in the region, for economic as well as traditional reasons, 
the question becomes how to make sheep production more profitable 
for everyone involved. 


Use of Local Breeds 

In recent years attempts have been made to bring about changes in the 
local stocks, without very satisfactory results. For instance, the in- 
discriminate crossing of some of the Karakul types in the northern part 
of the region may well have brought about losses in some of the char- 
acteristics developed over countless centuries through both natural 
selection and deliberate planning of Karakul owners. The disruption 
of breed or strain continuity caused by these crossings can be at- 
tributed largely to modem economic pressures. 

Over the past two decades governments have set up stations to 
produce “improved stocks” for distribution. These stocks have usu- 
ally been crossbreds resulting from breeding a ram of an imported 
breed to local ewes (Figure 15.7). The breeds most widely used in- 
clude the Merino of Australia and the Rambouillet and other breeds 
from the U.S. and Europe. Thus far, with perhaps the exception of 
the Turkish Merinos, programs have met with little success, because 
of poor communications with the tribes and lack of tolerance of the 
crossbreds to the rigorous environmental conditions. The poor breed- 
ing efficiency of purebred imported types or crossbred rams repre- 
sents an example of the lack of adaptability to the local conditions. 

Table 15.1 illustrates one experience in the use of an imported 
breed. The data summarize the comparative performances of Ram- 
hunillct and Moghani rams under dry-lot feeding in Iran. The rate of 
gain, feed per unit of gain, and final weight favored the Rambouillet, 
hut the dressing percentage was 10% higher in the Moghani, and con- 
sequently the warm carcass weight was also higher. The higher dress- 
ing percentage was attributed mainly to differences in weight of head 
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FIGURE 15 7 _ . _ 

A Rambouillet Moghani F, >eari»ng 
crossbred ram The Ramboudlet has 
been among the most popular breeds 
for crossing in Iran and Iraq 
tad is much smaller in the cross 
in the Magham (Courtesy R. L 
Jones) 


and pelt The Moghani was low in weight of forequarter and oin 
much higher in leg and fat of the tail The latter portion is pre e* 1 
in local markets to the extent that the Rambouillet carcasses so 
less In the opinion of the sheep producers these marketing ‘ sa 
vantages far overshadowed the better feed efficiency of the 
bouillet 


TABLE 15 1 

Comparison of performance of Moghani and 
Rambouillet rams under feedlot conditions in Iran 
for 108 day feeding period Weights in kilograms 


Factor 

Rambouillet 

Moghani 

Initial weight 

42 2 

385 

Final weight 

59 3 

502 

Average daily gain 

158 

108 

Feed/unit gain 



Roughage 

5 79 

6 65 

Concentrate 

368 

436 

Dressing percentage 

405% 

50 1% 

Warm carcass weight 

24 1 

253 

Pelt weight 

6 1 

43 

Head weight 

4.8 

22 

Weight of carcass cut from left side 



Forequarter 


536 

Loin 

2.04 

1.88 

Leg and fat tail 

3 67 

577 

Total 

12 50 

13 00 
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Another experience, in Egypt, showed that the native Barki lambs 
excelled pure Merino lambs in all traits related to body growth and 
viability. The Merino lambs excelled Barkis in fleece weight, but this 
potential advantage did not offset the losses in other traits in the view 
of would be users. 

Crosses of local breeds with imported stocks have been fairly suc- 
cessful in flocks maintained at government stations, especially in 
terms of growth rate and wool characteristics, as illustrated in Table 
15.2. In all characteristics the first cross of Merino and Barki (V 2 M) was 
superior to the other crosses and pure breeds. The Merino-Barki 
crosses also excelled crosses of local breeds (Barki-Awassi) in growth 
and fleece weight, but the Merino crosses were inferior to the crosses 
among local breeds in viability, breeding efficiency, and milk yield. 
Elsewhere, crossing among some of the indigenous breeds looks 
more promising than the experiences in Egypt. Crossing Polwarth 
rams with Rampur Bushier and Bikaneri ewes in India produced 
crossbreds with heavier fleeces, better growth rate, and higher milk 
yields (Kaushik and Singh, 1968) than either parent breed. Other 
tests with additional breeds made in Lebanon and Iraq have shown 
similar results. Thus, it appears that within the region, there are op- 
portunities for improvement through selective breeding and crossing 
that have advantages over using breeds introduced from outside un- 
less major emphasis is to be given to changes in fleece characteristics. 

To bring about change, the nomadic shepherd must be shown the 
advantages of improved breeding. He is not normally willing to use 

TABLE 15.2 

Comparison of performance of crosses between imported ( Hungarian 
Merino) and local (Barki) breeds and crosses among local breeds 
(Barki and Syrian Awassi) in Egypt. Weights in kilograms. 


Breed group 

Birth 

weight 

Weaning 

weight 

Post-tccaning 
daily gain 

Greasy fleece 
weight 

Merino 

3.3 

16.0 

.04 

3.9 

*/» Merino 

3.5 

16.7 

.04 

3.7 

% Merino 

3.4 

18.1 

.06 

3.5 

V* Merino 

3.6 

20.1 

.06 

4.2 

% Merino 

3.1 

19. J 

.06 

•1.1 

'/» Merino 

3.6 

18.3 

.06 

3.6 

Raiki 

3.4 

18.3 

.06 

3.1 

V* Awassi 

3.5 

18.6 

.05 

3.2 

Auaui 

3.9 

16.1 

_ 

- 

AttpUii 

3.8 

18.9 

.05 

2.4 


Svn'r. ArUpIrJ front Ithny «l at-, 
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improv ed rams of even tndtgenous breed.ng that have been "art- 
fu iallv reared ” Hence, government breedtng programs base P 
expenment^tation flocU have httle acceptance vvrth the average n- 
madtc shepherd Nevertheless, ,t is poss.ble to ™prove md.genous 


breeding in commercial flocks In Iran, 
gham, 


three flocks (Baluchi, Mo- 


ling in commercial ' Q Th Mo _ 

, and Sandjabi or Awassi) were established in 19o9 J 

gham and Sandjabi were managed under nomadic conditionsjtog m^ 


gham and bandjaoi were manage . firia ii v 

with tribal flocks in that part of the country. Initially, these a 
established flocks were viewed with some distrust, but atte 
years, during which time breed selection and improvement 
practiced, the demand for rams far exceeded those available 
instance, the tribal shepherds were shown breed stab ‘ ll ^ tl °” h 
flock improvement under typical migratory conditions Althougn 
same degree of improvement took place with the Baluchi oc * 
in fact substantially greater improvement in wool production 
with the former two breeds, the acceptance of the improve 
was much slower This was because the flock was maintaine on 
government farm where no doubt the conditions of rearing we 
better than the average Iranian producer could provide 

Although the tribesmen are good animal husbandmen, they ^ 
not generally recognize the value of selective breeding The 
occasionally exchange breeding stock with other tribal groups an 
sedentary owners It appears, therefore, that the expenditures 
by the governments for improved breeding through the use o » 
ported breeds are somewhat premature Also, the imports or the cros ^ 
breds denved from imports have smaller fat deposits in their tai > 
characteristic that is often discriminated against in marketing 
thermore, some of the tribesmen object to the changes in wool c iar 
jctenstics of crossbreds or imports because the finer wools are e 
suitable for making carpets and coarse, warm clothing 

If government sponsored breed improvement programs P a 
emphasis on changes in quality and quantity of wool, a marked rise 
in the prices received for such wool must take place for acceptance, 
unless milk yield and acceptance for meat increase corresponding > 
It is unlikely that crosses with breeds imported from the US, u 
rope, or Australia will have significantly higher milk yields than j a 
number of the indigenous breeds due to lack of selection especial > 
for this trait 

Throughout the region little attention has been directed to the 
maintenance of pure strains or breeds However, there are a fe vs e * 
upturns, such as the recent Ford Foundation effort to establish an 
Awassi foundation flock in Lebanon through the accumulation o 
outstanding animals of the breed from Lebanon, Iraq, Iran, and S>«a- 
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In addition, small government flocks of indigenous animals have been 
established in various countries to maintain the continuity of particu- 
lar breed or strains. These flocks vary in size but they are small in 
number for breed improvement programs. Nevertheless, efforts of this 
kind should be encouraged as far as possible. 

Before objective breeding programs can be undertaken, more 
data must be collected on the performance of indigenous types. Most 
of the information available gives only general descriptions of breeds 
or strains such as found in reports by Mason (1968), Jones (1964), 
and Gadzhiev (1968). 


Feed and Water Supplies 

The need for further study of types of feed, feed quality, and feed 
quality requirements for indigenous sheep is pressing. To date, most 
of the sheep of the region have been used primarily as scavengers. In 
many areas, full control of public grazing lands has not been realized. 
As a result, consistent overgrazing is the rule rather than the excep- 
tion, and sheep numbers have often built up to the point of diminish- 
ing returns. Increased animal units grazing these depleted range 
lands result not in increased production, but in an actual decrease in 
productive units. This points up a factor frequently ignored by animal 
husbandmen — that is, the importance of enforced laws governing the 
use of public grazing lands. Especially in this region, animal produc- 
tion cannot be isolated from the social and legal patterns. 

The major factor restricting the improvement in the contribution 
of migratory flocks is the scarcity of water. The average precipitation 
in the region is low; and the problem of providing forage supplies is 
further aggravated by frequent droughts. Since the tribes have little 
means of knowing about the grazing ahead of them as they migrate, 
they sometimes move into drought areas with disastrous results. Gov- 
ernment sponsored programs could no doubt greatly improve die pro- 
ductivity of migrating flocks. For example, the central government, 
operating through its military organizations, could develop systems 
of communications (including radio broadcasts), aerial surveys, and 
weather forecasting that could serve to guide the tribes in their mi- 
grations. When drought areas are large, emergency feed and water 
supplies could he moved in to prevent severe losses. Watering ponds 
could also be developed along the main migration routes. If assist- 
ance in transport of animals from the grazing areas to market or feed- 
lots were done on a systematic basis, it is estimated that the extrac- 
tion rate per annum could be more than doubled. This would also re- 
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lease some of the pressures on the grazing lands, thereby T 

contributing to res— of grazing lands To 

sheep production these steps seem plausible, but they my ^ 
ceive much support from governments whose curren P 
eliminate the migrating Hocks altogether for reasons of soil conserv 

tion and politics , finishing 

It has been well demonstrated in several countries th 
sheep from the range areas with drylot feeding is desirable fro mm e 
standpoint of efficiency and total meat supplies This is e “ nom i 
feasible, and often permits better utilization of by-products pro 
in urban centers from the processing of crops like sugar beet 
cotton (US AID, 1962) Also it has been shown in Iraq that the pro 
tion of alfalfa under irrigation pays as the mam supply o ee 
fattening sheep When the alfalfa was mixed with straw, sheep 8 al 
from 0 12 to 0 17 kg per day In Egypt, Pakistan, and India the ** 
ing of Berseem clover dunng the winter months for fattening 
has proved successful The deterrent to the widespread use o SU P 
mentary feeding for fattening sheep is the relationship between s 1 
producers and the “middlemen'’ who buy their sheep The mi ^ 
men” pay low pnces when they can for the fatter sheep for ear 
infringement on their traditional control 


Producer Incentive 

Producer incentive— both type and amount— is a crucial factor m 
improving sheep production So far, relatively few cost return sc 
ules (possible returns to producers with various innovations; 
been developed Without this basic information, the chances o P r °' 
ducers accepting practices to increase production are small 

The political power inherent with livestock marketing lS 
mendous in this region The reluctance of both government em 
ployees and international livestock experts to involve themselves wi 
the large sums that change hands each year— a reluctance stemmm 
from fear of being implicated in any question of money mismanag^ 
ment— retards the change of trad^onal systems Perhaps of even m° r ^ 
importance is the lack of knowledge of most foreign advisors a ol * 
livestock marketing in the region and the role that improved mar e 
ing can play in overall livestock development t 

Payment to a producer based upon a definite quality has not y e 
been initiated, and group or cooperative buying and selling has bee 
largely ignored The purchase of animals on the basis of standardize 
weighing with accurate scales is practically nonexistent Perhaps 
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most typical of these problems is the lack of market information; the 
producers market their flocks without prior knowledge of market num- 
bers or price. A serious complication in marketing is, of course, the 
migratory flocks since they must sell either before or at the end of the 
migration. The annual migration of various tribes means that within 
a country large numbers of animals are moving from generally poor 
range conditions to almost equally depleted areas. There are some ex- 
ceptions, however. 

In Iran, efforts have been made to establish the effect of animal 
migration on weight gains and losses. In three different areas 1500 
animals were identified and weighed early in migration and again at 
the end. The weight lost during the summer migratory period each 
year equalled the total annual slaughter of Iran, as calculated by the 
Ministry of Agriculture (Jones, 1968). Without question the migration 
and resulting weight loss of Iranian animals is one of the major factors 
in animal management and economic return yet to be resolved. 

Studies carried out at the Tehran market in Iran (Jones, 1968) and 
at the Baghdad market in Iraq (Jones et al., 1968) indicate a wide 
seasonal variation in numbers and types of sheep offered for slaugh- 
ter. During one year at the Baghdad market there were 24,156 sheep 
and 5300 goats slaughtered. Of these, 13.2% of all sheep and 14.4% of 
all goats slaughtered were 2 years and younger. The yearly average 
of female lambs was 7.3% of all sheep killed. As expected, a large 
part of the females killed were 5 years and older, 13.8% of all sheep 
slaughtered. This group made up 20 to 25% of the total sheep killed 
from April through September. The 3 to 4-year-old ewes made up 
6.3% of the total kill. 

A three year study at Baghdad revealed a recurring sheep and 
goat cycle. Sheep receipts were lowest from November through Feb- 
ruary and highest from April through June. Goat slaughter generally 
followed the reverse cycle. These two distinct slaughtering cycles 
were complementary in maintaining a constant supply of meat. When 
the sheep numbers declined meat prices rose, thereby attracting gen- 
erally lower priced goats and old female sheep to the market. Ob- 
viously, better marketing procedures — through more uniform pric- 
ing— would provide impetus for a more fully developed livestock 
industry. The use of fccdlots to increase weight per animal and to 
regulate the flow to markets would be helpful in stabilizing prices 
paid to producers. 

As a producer incentive, as well as an effort to increase consump- 
tion of animal protein among tire migratory people, the government 
of Lebanon has sponsored mobile cheese factories. Some units con- 
sist of two parts: mechanical milking equipment and a cheese proc- 
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essmg laboratory The milking equipment is intended hi 
sanitation and reduce labor The cheese processed m the Mg 
is either marketed through governmental outlets or eft wi l » ^ 
for their consumption Preliminary results indicate th ° dmg 

mobile units is accepted, however, further adjustments 
conditions are needed because of the restricted areas the un * 
reach These units afford other potential benefits as a m 
cording that can be used in progeny testing, thereby ' 
opportunity for breed improvement under migratory 

(Chouem, 1968) rt fKpn\er- 

The practical dependence on sheep in the region cann 
emphasized The extensive range and steep mountain ueas f ^ 
be profitably grazed by sheep and sometimes goats Thus, o 
most important aspects to be examined before the future ro e g 
can be determined is social dependence upon the husbandry o , 

There is no question that the role of the sheep industry m m 1 
the nomadic tribesmen is all important The milk ^ onst ‘ U C r[> . 
nomadic family’s primary source of protein, and the fiber a * ^ 

duced is used largely by the family Of even greater signi ca ^ 
the way of life of the Bedouin or the nomadic tribesman, w e 1 ^ 
Afnca or Asia, that utilizes range and grass resources that won ^ 
otherwise be used under the present governmental systems o ^ 
management. Unless sheep and those people associated wi ^ 
sheep industry in the region “follow the grass,” this resource 
eventually be wasted and a way of life of millions of people, estima 
at nearly 50% of the population of several countries, will be os - ^ 

It is not the purpose of this chapter to expound the socioecon ^ 
and family planning considerations that any government 
evaluate before abolishing nomadic grazing It does appear, ho we v ^ 
that in some instances legal restnctions imposed by governmen 
reduce the migrating or extensive society ignore the fact that soi 
lands can best be utilized through migratory grazing of animals ^ 
There is one additional factor that must be considered ‘^ irn *\ r ° f or 
ments are to be made— namely, human resources The nee s ^ 
trained personnel will be high Currently, those concerned 
sheep production in the countries of the region are pitifully ^ 
Iraq, for example, one trained animal husbandry extension 0 ® ce ^ e£ j 
assigned to the entire nation, where over 4 million people are eng a & 
m some form of animal production 
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H. C. PANT AND A. ROY 

The Water Buffalo 
and Its Future 


The world population of water buffaloes is about 119 million (FAO, 
1969) with 80% of these in the N-S 30° region. India has the largest 
number, approximately 56% of those in the region. Buffaloes con- 
stitute nearly 23% of the total bovine population of India. Although 
the bufialo is considered a native to tropical or subtropical areas, 
several countries adjoining the N-S 30° region, such as Bulgaria, Ro- 
mania, Yugoslavia, Greece, USSR, and Italy, have sizable numbers. 
According to FAO statistics numbers have declined in Europe over 
the last four decades, but they have increased more than 20% in the 
N-S 30° latitudes over the same period. 

Since buffaloes make up about one-fifth the number of cattle in 
the N-S 30° area and in some countries serve as the major producer 
of milk, they warrant attention. The objective of this chapter is to pro- 
vide a brief account of their origin, their general morphological char- 
acteristics in comparison to cattle, their current role in meat and milk 
production* and their possible future role in livestock production in 
the warm climates. 
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ORIGIN 


; unknown In India 


The precise time of domestication of buffaloes 1 
they were domesticated by 2500 B C and in China about WOO year 
later The migration of buffaloes about the world was not rapid^ 
Egypt they were unknown during the Pharaonic times, y 
there sometime after the Arab conquest They arrived in Cambodia in 
about the fifteenth century The most extensive migration has 
place dunng the last few hundred years (Cocknll, l 96 6a) 

The domestic buffalo is a member of the sub family ovino 
the genus “Bos ’ The water buffalo of Asia ( Bubalus bubalts) is 
tinct from the African wild buffalo ( Syncerus caffer ) both in v 

and pattern of the chromosomes The American bison ( Bison * 
is not to be confused with the water buffalo 

The Bos bovinae is found in the tropical and subtropical reg ^ g 


of Asia, the Philippines, Indonesia, and Tnnidad, all countries o 
Mediterranean basin, except France, and Melville island near 
northern coast of Australia And some run wild in the northern e 


tones of Australia , 

The present breeds are believed to have onginated from 
wild buffalo (B arm) of Assam in northeastern India and South ^ 
since features of one or other of the Indian breeds can be discerne 
most other types The various breeds are represented by two m ^ 
types the nver buffaloes” of dner lands, which are found mos 


India, and the vanants of the “swamp buffalo/ which are 
largely in the nee growing lands east and south of Burma (MacU r “ \ 
1941) India and Pakistan are the only countnes having well de n 
breeds— over a dozen at present Even there, nondesenpt anim ^ 
far outnumber the pure breeds The charactenstics of these 


breeds have been desenbed by many (Kaura, 1952, Randhava, 


The more prominent breeds are Murrah, Bhadawan, Jaffarabadi, Surti. 
Mehsana, Nagpun, and Nili/Ravi 


Murrah 

The home tract of the Murrah (Figure 16 1) is mainly the Pun)* 
and Delhi states of India This breed has a deep, massive frame wi 
comparatively light neck and head, and short, tightly curved hofli* 
It has broad hips, short, massive limbs, a well developed udder, an 
long tail reaching to the fetlock The skin is usually jet black butwhu 
markings on face, legs, and tail are not uncommon This is one ot tii 
argest breeds (Table 16 I) and among the best breeds for milk 
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FiGUnE 16. i 

The Munrah buffalo is the most popular breed in India and Pakistan. It is one of the 
largest breeds in body size and one of the best milk producers. (Courtesy H. C. 
Pant). 


Bhadawari 

The main habitats of the Bhadawari are districts of Uttar Pradesh 
and Madhya Pradesh states. This breed is medium sized (Table 16.1), 
and in the female the hindquarters are heavier and higher than the 
forequarters. It has relatively short legs, a long tail with black and 
white or pure white switch reaching to the hock, and copper colored 
skin with scanty hairs black at the roots. This breed has the highest 
milk fat percentage (13%). And the males are good for draft. 


JajJarabadi 

The tract of this breed is Gnjrat State. The Jaifarahadi has a long 
body (Table 16.1), usually black in color; a prominent forehead; and 
heavy horns, which droop on each side of the neck and then turn up 
at points, hut not so tightly curved as the horns of the Murrah breed. 
The females have well developed udders, and they are good milkers. 
Their skin is usuutly black. The males are used for heavy draft. 
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Mnacebody iteig/i! ami sUlet al itmetiuom for adult males 

and females of several buffalo breeds 

Length from 

Body Height at point shoulder 
weight withers to pmbone 

Breed (kg) (cm) (cm) 


Heart 

girth 

(cm) 


Murrah 

Male 

Female 

Bhadauan 

Male 

Female 

Jaffarabadi 

Male 

Female 

Surti 

Male 

Female 

Mehsana 

Male 

Female 

Nagpun 

Male 

Female 

Nili/Ravi 

Male 

Female 

Egyptian (Behen) 
Female 


567 142 

431 132 


476 132 

385 122 


590 142 

454 140 


500 131 

408 125 


567 142 

431 132 


522 142 

408 132 


567 137 

454 135 


150 

221 

147 

217 

140 

188 

137 

180 

168 

191 

160 

188 

142 

186 

137 

178 

178 

214 

155 

208 

173 

211 

142 

206 

157 

226 

147 

226 


e DiU from kaura. 1952 RWtuvi 1962 and Whyte and Mathur 1966 


The Surti is found in Gujrat and Maharashtra states This bree^j 
has a medium-sized body with straight back and head long f 
rounded between the horns The eyes are prominent and tend ® 
bu ge, the horns are flat, sickle shaped, and of medium length, and* 1 - 
tail is fairly long, ending in a white tuft Body color may be eithe 
black or brown Good specimens have two white collars-one roun 
the jaw from ear to ear and the other at the brisket The breed is <® n 
sidercd a medium level milk producer 




FIGURE 16.2 

Nagpuri female buffalo native to central and southern India. Its long sweeping 
horns are Us most distinctive feature. (Courtesy H. C. Pant). 


Mehsana 

The habitat of the Mehsana is Gujrat state. This breed is classed 
as an intermediate type between Surti and Murrah breeds. It has a 
longer body than the Murrah (Table 16.1) and lighter bone structure. 
The horns are longer than in the Murrah breed and less tightly curled 
at the ends. The skin color is black or fawn grey with some white 
markings on the face, legs, or tail tip. This breed excels in early ma- 
turity, persistence in milk production, and regularity in breeding. 


Nagpuri 

The Nagpuri is found in central and southern India. It is generally 
taller than northern breeds. Its most distinctive feature is the long flat 
and curved horns bending backward by the side of the neck almost to 
the shoulders (Figure 16.2). Body color is usually black with occa- 
sional white patches on the face, legs, and tail tip. 



The Nili is the most important breed of buffalo for dairying in Pakistan 'VbM" 
the forehead and feet distinguish it from the Muirah breed (Courtesy H C r 


NihlRavi 

Nili and Ravi buffaloes, which are found in the Sutlej and H aV * 
nver valleys, were for a long time treated as two different breeds, u 
now they are considered as one This is one of the best Indian bree s, 
second only to the Murrah The body is medium sized (Table 16 
The horns are small and lightly coiled, and the neck is long, thm, an 
fine The face and forehead characteristics distinguish it from 
Murrah Its color is usually black with white markings on forehea 
face, muzzle, and legs A white switch and wall eyes are also common 
(Figure 16 3) 


In Pakistan the most common buffalo breeds are Nili/Ravi a" 1 
Murrah The Nib breed rs as important in the dairy herds of Pakistan 
as the Murrah is in India In other countnes no recognized breet^ 
exrst There are two main types of buffiilo in the UAR, the Behen >“ 
the north and the Seidi in the south (Alim, 1967) It is not known i 
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these classifications have any genetic basis as the “Egyptian buffalo” 
has no really distinguishing features, although it is slightly above 
average in size (Table 16.1). 


Other Types 

The swamp buffalo of southeast Asia has several variants, rang- 
ing from the massive Thai buffalo (700 kg or more) to the small carabao 
of the Philippines, which averages about 400 kg in body weight (Cock- 
rill, 1967). The buffalo of Ceylon is considerably smaller and has more 
hair than the swamp buffaloes in other southern Asian countries. It 
has an average body weight of 250 to 300 kg, and in all other physio- 
logical and anatomical aspects it is identical to the swamp buffalo. 
The swamp buffalo is an excellent draft animal in the paddy growing 
tracts of southeast Asia. 

Buffaloes in Brazil were imported mainly from India, the Antilles, 
Italy, and Africa. In Brazil, the strains of buffalo are named according 
to their color: the Marajo of the Amazon, a yellow animal; the Preto, 
a black or dark animal; and the Ribanceria, or Rosilha, an animal with 
red roan coloring and white bands on the thorax (Hill, 1967). The 
strains in Brazil resemble mainly the Mehsana, Nagpuri, and Jaf- 
farabadi breeds of India. 

It is generally conceded that buffaloes will not cross successfully 
with cattle due to differences in number of chromosomes (48 vs 60). 
However, reports from China claim that a number of cattle-buffalo 
hybrids have been produced, and that they are superior to the buffalo 
in heat tolerance, milk yields and draft capacity. But these reports 
are yet to be confirmed. 


MORPHOLOGY 

Skin and Hair Coat Characteristics 

Water buffaloes show various gradations of color within the range of 
grey to black depending upon breed (Cockrill, 1968a). Their skin may 
also exhibit gradual darkening with advancing age, particularly after 
tlie first five years. Skin character— color and texture— is one criterion 
for distinguishing various races. Some swamp buffaloes of China, 
Thailand, the Philippines, Indonesia, and other countries have un- 
pigmented skin, which is called albinoid, although true albinism is 
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extremely rare Th,s lack of prgmentahon has been cons.dered a 
recessive character The areas with the highest percentages of white 
swamp buffaloes are the Bah island of Indonesia (70%). the 
part of Thailand (30%), and Thailand as a whole (15%) In 
Malaysia, Thailand, Indonesia, the Philippines, Vietnam, and , 
bodia the incidence is around 5%, in Borneo and Nepal it B W 
in Taiwan it is less than 1% The higher percentage of white buttalo 
in Ball has been attributed to the socio-religious factors since omy 
the colored ones are slaughtered for food, while in Thailand se ec 
breeding may account for it Albmoids are either rare or un ”°'' n i 
Burma and Hongkong and in the vanous breeds of river buna o ou 
m India, Ceylon, Pakistan, Afgamstan, Egypt, and Yugoslavia ' 
advancing age, the skin of the white buffalo becomes gra ua 
spotted with round black or brown freckles, especially on the nluZZ 
and nostrils In certain breeds of nver buffaloes, which are norma 
black, a light brown skin color with some freckling is also occasiona 


IUUI1U . 

During summer the color of Murrah buffaloes, housed in 00 ^ 
for two to three months, changes from black to copper brown 
pinkish grey, but upon returning outdoors, the skin color returns 
black within a few days A similar response to light exposure has been 
reported for Egyptian buffaloes The theory is that solar radiation m 
fluences the degree of skin pigmentation, perhaps by affecting ^ 
formation and activation of tyrosinase As in cattle, the dorsal areas 
the body have the most pigment, the lateral body areas and extrern 
lties are intermediate, and the ventral and axillary regions have t 
least pigment This suggests that ultraviolet radiation may be con 
cemed in melanin formation But how the heavy skin pigmentation 
may aid in its suitability to hot climates is not fully understood 

The density of hair on the buffalo skin vanes considerably wi 
age, breed, season, and the extent to which the animal is house 
is very sparse compared to that of cattle In new bom calves ij> s 
normally red or brown with a mixture of light grey and a good num r 
of long black hairs In albmoids the hairs are yellow The aver3g e 
number of hair follicles per cm 2 of skin is nearly 400, compared to 
over 2000 in cattle, but the diameter of each hair is about twice V* 
of cattle hair Maximum density of hair follicles occurs in the eyelid 5 ' 
carpal region, and switch Typically, the number of hairs per foll» cie 
is one, as in cattle, but two to four normal hairs per follicle may oc- 
casionally be seen in the region of the neck, flank, thorax, cap« s ' 
upper fort limb, vulva, and switch Neonatal calves have long, dense 
hair but density decreases with age The density of visible hair is aU 
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subject to considerable seasonal fluctuation, being lowest in summer 
and highest in winter. 

The thickness of the skin and its various layers varies according 
to age, sex, breed, and body region. The thickest skin is found in the 
neck. Buffalo skin is thicker than the skin of cattle (6.5 mm vs 4.3 to 
5.5 mm). The thick skin may afford a certain amount of protection 
against overheating of the body through reduction of thermal con- 
ductivity, but it also restricts the dissipation of heat through con- 
vection and radiation. 

Buffalo skin differs from that of cattle in the location, shape, and 
number of sebaceous glands per hair follicle (Hafez, et al., 1955). 
The glands are more lobulated and well developed in buffaloes. Each 
hair follicle is encircled by two or three sebaceous glands, rather than 
one bilobed gland as in cattle. Well functioning sebaceous glands are 
no doubt an important adaptation to the buffaloes’ semi-aquatic mode 
of life since the secreted sebum acts as a barrier to water absorption 
through the skin. 

The average number of sweat glands per cm 2 of skin in buffaloes 
is much less than in cattle (<2100 vs >2500) but their circumference 
is greater (0.47 mm vs 0.26 mm). In buffaloes tire maximum number 
are found in the neck and groin regions. The number of sweat glands 
per unit area like the number of hair follicles, decreases with age. 

In spite of differences in the characteristic skin, hair coat, and 
body configuration of buffaloes and cattle, the body surface area per 
unit of mass is approximately the same for both species. 


Blood Constituents 

Data on certain morphological and chemical constituents of adult 
buffalo blood are listed in Table 16.2. In buffaloes hemoglobin con- 
centration remains fairly constant during pre- and postparturient 
stages, while in cattle concentration decreases after parturition. 

Values for hemoglobin, serum protein, and serum calcium are 
lower in buffaloes than in cattle, but the serum inorganic phosphorus 
is higher in buffaloes (Kehar and Murty, 1951). There does not seem 
to be any detectable difference in blood sugar and serum magnesium 
content of the two species. It is difficult to assess the significance of 
these findings on variations in blood constituents because few of the 
comparisons between the two species have dealt with animals similar 
in age and weight. 
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Values for various Mood constituents of buffaloes 
Item 

Protein (gm/100 ml) 

Nonprotein nitrogen (mg/ 100 ml) 

Blood sugar (mg/100 ml) 

Sodium (mg/ 100 ml) 

Calcium (mg/ 100 ml) 

Magnesium (mg/ 100 ml) 

Total phosphorus (mg/100 ml) 

Inorganic phosphorus (mg/ 100 ml) 

H b (gm/100 ml) 

Lymphocytes (%) 

Neutrophils (%) 

Monocytes (%) 

Eosinophils (%) 

Basophils (%) 

Sourrr Indian data from Kehar and Marty 1951 Egyptian data from Hafez and Anwar 1954 


Indian 

Egyptian 

7 46 ± 0 09 

7 43^0 27 


36 00 ± 3 14 

79 40 ± 3 1 

81 40 ±3 41 

_ 

415 00 ±6 53 

10 00 ± 0 09 

10 00 ± 0 16 

276 ±0 10 

— 

_ 

28 00 ± 1 03 

6 95 ± 0 05 

- 

7 7 ± 0 22 

12 98 ± 124 

_ 

5100 

__ 

36 00 

_ 

800 

_ 

500 

_ 

<100 


Physiology of Digestion 

Buffaloes are favored over cattle by some because they seem to be 
better converters of feed (Alim, 1967, Hill, 1967, Cocknll, 1968b) 
However, this difference has not been entirely confirmed According 
to some reports. Zebu cattle have a greater dry matter intake per 
kg body weight (2 51 kg) than buffaloes (2 37 kg) (Kehar, 1947, Sebas- 
tian ct al , 1970) But Rao (1948) found buffaloes superior to the Zebu 
m this respect Still others have shown no difference in the dry matter 
intake by the two species (Ichhponani and Sidhu, 1966, Whyte an 
Mathur, 1966) Johnson ct al , (1968) did not observe any significant 
difference in the average dry matter intake between buffaloes an 
Holsteins with ad libitum feeding of guinea grass , 

Digestion trials have shown that on poor quality roughage buf- 
faloes had a slightly higher digestibility of crude fiber and ether ex- 
tract than cattle, but on good levels of feeding the average coefficien 
of digestibility for dry matter, organic matter, ether extract, cru ® 
liber and nitrogen free extract appeared similar in both species Bul- 
taloes do seem superior in ability to digest crude fiber and in retention 
n ‘ trogen ’ calcium, and phosphorus, which affords a nutritive 
vantage, especially under poor feeding conditions Apparently but' 
aloes can maintain themselves mainly on roughages with cornpan*' 
lively less concentrates than cattle However, on a diet of lucerne p! uS 
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concentrates the efficiency of feed conversion for milk production was 
23.2% for buffaloes and 24.0% for Sahiwal cows (Sebastian et al., 
1970). These researchers concluded that with adjustments for differ- 
ences in maintenance requirements the intakes per unit of solids- 
corrected milk were similar; consequently, without a differential in 
price for fat content of the milk (avg. 7.04% for buffaloes and 4.63% 
for cows), buffaloes would provide about 35% less return over feed 
costs than cows. But since there is a premium paid for fat content in 
most areas, the milk of buffaloes is competitive with that of cattle. 

In spite of some conflict in findings, buffaloes are generally rec- 
ognized as being superior to cattle in the utilization of crude fiber, 
ether extract, and calcium and phosphorus; inferior in the utilization 
of nitrogen free extract; and equal in the intake of dry matter, crude 
protein, and organic matter. The superiority of buffaloes over cattle 
in digestibility and efficiency of utilization of feed nutrients is mani- 
fested only when the two species are fed on a low plane of nutrition 
with coarse roughages as the main source of energy. 

The bacterial and protozoal populations in the buffalo rumen are 
similar to those of cattle, but the buffalo has a higher concentration of 
total volatile fatty acids and acetic acid. The high fot content of buf- 
falo milk may be attributed to the higher concentration of rumen 
acids (Ray and Mudgal, 1962). On low nitrogen intake the buffalo 
seems to recyle more urea nitrogen through the saliva (Pant and Roy, 
1970a). This may be of significance if one accepts the theory that 
buffaloes fare better than Zebu cattle with adverse diets, especially 
when the diets are grossly deficient in nitrogen. 

Examination of the feeding habits of the two species reveals 
that buffaloes are not as discriminatory in their feeding habits as cat- 
tle. They will consume poor quality pasture refused by cattle. 

Buffaloes seem to adjust to seasonal variations in environmental 
temperatures by altering the proportion of energy yielding nutrients 
that they ingest, as evidenced by lower intakes of roughages during 
the summer months. They have about the same requirements of water 
per unit of dry matter intake as Zebu cattle (Sebastian et al.> 1970) but 
can tolerate a higher intake of fat. 

With a rise in environmental temperature the abomasal secretion 
in buffaloes declines, and its acidity also decreases. At 40-42°C free 
hydrochloric acid disappears. Secretion may be restored by moving 
the animals into a cooler place; but wetting has proven more effec- 
tive than putting the animals in shade. Thermal stress reduces the 
contractions of smooth muscle in all parts of the digestive tract. The 
rumen contractions declined from 193 to 35 after 8 hours at 40°C 
(Aliev, 1963). Also the passage of the digesta from the rumen seems 
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very much depressed by thermal stress Cooling the animals under a 
shower proved effective in quick restoration of function Intense 
solar radiation seems to inHucnce the secretory activity of the pan 
creas and small intestine to a greater extent in buffaloes than in ca e, 
consequently heat stress appears to have an adverse effect on t e e 
ciency of digestibility m buffaloes 


Feeding Standards 

Due to the limited research on nutrient requirements, there are no 
adequate feeding standards for the buffalo Lander (1949) suggeste ^ 
the following daily requirements from his own investigations an a 
survey of shed feeding practices in India 

(1) For maintenance 

Body Dry Digestible 

weight matter (D\l) protein (DP) TPN_ 
400-500 kg 6 0-9 0 kg 0 367 kg 4 24 kg 

For every 50 kg increase or decrease in body weight 0 5 kg of DM con 
taming 0 03 kg DP and 0 32 kg TDN should be added or subtracted- 

(2) For production For milk production Lander recommends 
the addition of 0 20-0 21 kg TDN containing 0 03 kg DP for every 
kilogram of milk containing 7% fat for every 0 5% below or above 
that fat content 0 01 kg TDN containing 0 001 kg DP should be sut>- 
tracted or added These recommendations are somewhat lower an 
for cattle However, Whyte and Mathur (1966) are of the opinion a 
the nutnent requirements worked out for cattle are suitable for bu 
faloes That is, the requirements for maintenance and the first fourth 
five liters of milk may be provided for an animal weighing about^ 
kg and producing 1200-1600 kg milk per lactation by feeding 
kg of Para or Guinea grass (10% crude protein) per day, plus abou 
1-2 kg molasses with 1-2 kg hay or straw, mineral mixture, and sa 
but no dry concentrate 


Thermoregulation 

7 1 * thermoregulation properties of buffaloes are similar to 

5° ? f CatUe (Cha P ter 3 > But because of their coloring and skin 
characteristics, it is commonly believed that buffaloes are not 



FIGURE 16.4 

The buffalo has a very strong desire to cool itself by wallowing in ponds during 
hot weather. Muddy water is preferred to clean water. 

adapted to the tropics. In Egypt it was found that the exposure to 
sun for two hours resulted in a rise of 1.3°C in body temperature for 
buffaloes, as compared to 0.2 to 0.3°C for cattle. Respiration rate was 
also much higher in buffaloes, and pulse rate increased in buffaloes 
but not in cattle. Under shade conditions, however, buffaloes have 
better beat regulating mechanisms than cattle. And buffaloes seem to 
respond less to high humidity than cattle; thus they may be superior 
to cattle in humid areas if they are protected from direct radiation. 
Although the prevailing concept is that buffaloes have a poor capa- 
bility of sweating because of the low number of sweat glands, they 
have a good capability of sweating at high temperatures (Table 5.3). 
In spite of this capability, they much prefer wallowing during hot 
weather. It is common to see buffaloes wallowing in ponds during the 
hot summer months (Figure 16.4). 

Male Reproductive Tract 

The anatomy of the buffalo male reproductive tract is similar to that 
of cattle but the testes of the buffalo are smaller. The seminal vesicles 
in the buffalo are less lobulated and smaller— about one-sixth the size 
of those in the bulls. The smaller testes and accessory glands may 
account for the smaller volume of semen. The penis of the buffalo is 
about 10 cm shorter than the bull’s. When adequately fed the buffalo 
has good libido. 
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Buffalo and cattle semen do not differ qualitatively in *eir bio- 
chemistry The slightly lower viability of buffalo semen when diluted 
with an extender and the lower recovery after freezing hare been 
attributed to the higher level of phosphates and phosphatases in Dm- 
falo semen In both cattle and buffaloes, spermatogenesis is inhibit 
by high body temperature 


PERFORMANCE 

Viability 

The buffalo has poor viability at young ages, with calf mortality often 
reaching 80% (Cochnll, 1966b) Data on 9475 births in 33 her s o 
cattle and 23 herds of buffaloes revealed the mortality of calves om 
birth to 2 months of age was 10 6 and 33 5% respectively {Dhanda an 
Khera, 1957) Season appears to have a significant influence on mo 
lty, particularly in buffaloes While mortality m cow calves ,ncre f^, 
some in the monsoon, the losses of buffalo calves were high in bo 
the monsoon and winter 

Losses from gastrointestinal disorders, varying from acute »» 
digestion to infectious scours, are also high— 67 8% in buffaloes up to 
3 months of age, as compared to 19 5% in cattle Digestive distur 
ances are more senous in buffalo calves weaned at birth (50% mortal 
ity) than in calves allowed to suckle their dams for 3 days after birth 
(15% mortality) Out of 4592 calves bom alive m two herds of Eg> r P' 
tian buffaloes, 33% died before reaching 3 years of age Of 
81 8% died prior to 6 months, 10 9% between 6 and 12 months, 2 4c 
between 12 and 18 months, 1 3% between 18 and 24 months and 3 6c 
between 24 and 36 months (Asker and El-Itnby, 1957) A more recent 
study reveals that 70 5% died within 0 to 6 months, with 72 2 o o 
the deaths due to digestive and respiratory infections (Shahm et o > 
1967) Death rate appears higher in males than in females This ma> 
be more because of preferred treatment than inherent sex weakness 
Such poor viability has been a major handicap in improvement > 
selective breeding in buffaloes Amongst the various factors re- 
sponsible for mortality, poor hygiene and nutrition and very > 
weaning have been most significant It is possible too that the hign 
fat content of buffalo milk is responsible for the frequent occurrence 
of digestive disturbances There is little information to indicate 
how buffalo calves differ from cow calves m susceptibility to >ari° uS 
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Birth Weight 

The birth weight for buffaloes is, in general, higher than for cattle 
indigenous to the tropics. Birth weight is influenced significantly 
by sex, parity number, breed, nutrition of the dam, and season. Dif- 
ferences due to sex are about the same as for cattle, with males being 
0.4 to 4.0 kg heavier than females. Birth weights show a progressive 
increase up to fourth calving. The Belieri of Egypt appears among the 
largest in birth weight; the breeds of southeast Asia are intermediate; 
and the Carabao the smallest (Table 16.3). While workers in Egypt 
did not observe any influence of month of calving, Misra et al. (1970) 
reported a higher birth weight for calves of Indian breeds bom in 
summer titan for those born in the monsoon and autumn seasons. 
There is also evidence of differences among sire groups (Asker and 
Ragab, 1952). The heritability estimates for birth weight range from 
0.08 to 0.56 and the repeatability estimates from 0.45 to 0.58. 


TABLE 16.3 

Birth weights (in kilograms) for buffaloes in various locations. 


Breed 

Location 

Male 

Female 

Range 

Beheri 

Egypt 

40.7 

37.9 

30.0-42.2 

Murrah 

India 

31.0 

28.3 

23.7-37.0 

Murrah 

Pakistan 

33.4 

30.7 

26.1-39.4 

Murrah 

Thailand 

31.5 

27.6 

- 

Carabao 

Taiwan 

25.0 

- 

Italian 

Italy 

38.7 

35.5 

34.5-43.6 


Twenty-four studies of sex ratios in five countries gave the aver- 
age percentage of males as 51.4%, with a range of 48.2 to 56.8% males. 
Most reports state that the sex ratio did not vary significantly from 1:1. 
In all breeds of buffaloes the incidence of twinning is low— 0.3%, as 
compared to 1.5% for cattle. 


Age at Puberty 

Buffaloes reach puberty rather late. The Egyptian buffalo averages 
406 days (range 347 to 684), with the average age at conception 647 
days (range 406 to 812 days) (Hafez, 1955). When buffalo heifers are 
mated at puberty there is a high incidence of abortion or death of 
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call's within 7 days of b.rth Even when calves have been earned to 
the term, the mammary glands remain underdeveloped result! g 
less milk production Although a buffalo can conceive as early as w 
days (21 5 months), the full reproductive efficiency is not attaine 
til about 6 months later In India, it is recommended that buffalo " 
trs be bred at 24 to 30 months, yet most do not conceive until ” 

36 months of age There is no information available on breed dine 
enccs in the age of puberty although wide individual \anations av 
been observed . 

While improving the nutritional status may considerab y a 
the age of puberty, little is known about its hentability On® *\c* c 
mate on hentability of age at first conception for Murrahs was c 
(Singh and Dutt, 1964) However, this rather high value must be in 
terpreted with caution since the hentability was estimated throug 
doubling the simple regression of daughter on dam — that is, by repea 
ing the dam’s record with each daughter’s record— rather than 
intra sire regression of offspnng on dam or halfsib correlation me 
ods, due to the small number of sires It has been recommended a 
calves be selected on birth weight to overcome the problem of a e 
inatunt) since there seems to be an inverse relationship between 
birth weight and the penod of first calving m Murrah buffaloes (Oos 
wami and Nair, 1965) . ^ 

In India the average age of puberty of buffalo bulls is aroun - 
>ears (Kartha, 1959), but they are used for service at 3 to 37* >ears ° 
age in both India and Pakistan This is somewhat later than for 021 ® 
The average age at first service for Egyptian buffaloes has been 1 
>cars, while in Ital> and the USSR bulls are put to service at aroun 
2 >tars of age 


\ge at First Calving 

In spite of the buffalo’s late sexual maturity and longer gestation P 41 * 
nod, its average age at first calving does not greatl> exceed that o 
Indian cattle The average age of first calving for 629 buffalo cows J? 
various state government farms of India was 40 4 months, with S9 > « 
of the calvings between 30 and 48 months, between 28 and 
months, and another 3^ c between 50 and 52 months Other statist; 4 * 
have shown averages of 46 months in India (range 41 to 51 months 
i months in Pakistan (range 32 to 72 months) (Ashfaq and M** 00, 
and 39 months in Eg>pt (range 22 to 60 months) . . 

I if* r CjU ,ng dots not appear to be influenced b> sire. 
l- < Ol the variance for the trait has been reported to be due to nuU* 
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nal effects (Sidky, 1951). Using intra-sire regression of daughters on 
dams Asker ct aL (1953) found the heritability to be 13%. Season of 
birth has a significant influence on the age at first calving; females born 
in the fall months have a greater chance of calving earlier than those 
bom during other seasons of the year. The Egyptian data may pos- 
sibly have some bias inasmuch as the breeding policy is to take full 
advantage of the Berseem clover season in late winter and early 
spring. On the other hand, most buffaloes tend to have more frequent 
estrus from September to November; therefore, age at first calving, 
instead of truly being a function of age, is also determined by the 
season of attainment of puberty. The average age of first calving is 
higher (47 to 52 months) in village buffaloes than in well fed farm 
animals (42 to 49 months), which indicates that plane of nutrition 
affects this trait. Such large variations suggest the possibility of re- 
ducing the age at first calving by proper feeding and management. 
Selection for early maturity might also tend to reduce age of calving 
provided it is established that heredity influences the age of puberty. 
No doubt some improvement could be attained by close attention to 
estrus as buffaloes are subject to anestrus, especially during the hot- 
test portion of the year. 


Season of Calving 

Although buffaloes may breed year round, breeding is more frequent 
in certain periods. In the Philippines a seasonal trend of reproduction 
has been observed, with highest sexual activity coinciding with the 
rainy and cooler months (August to January). In India 15 investiga- 
tions indicated an influence of season on the incidence of estrus and 
calving of buffaloes in various regions. One survey of 680 females on 
government farms and 475 village animals showed that 70% of the 
buffalo cows and heifers calved between August and November, and 
less than 5% during the summer months, April to July. Numerous 
writers have described the buffalo as a seasonally polyestrus animal, 
showing estrous cycles for a period of eight months but being sexually 
inactive from March to June. In Bulgaria, maximum ovarian activity 
coincides with the autumn and winter months, and in Italy the major- 
ity of calvings occur between July and October. 

No doubt season of calving has an influence on the onset of first 
postpartum estrus, either directly, through climatic stress, or in- 
directly, through feed supplies. In Egypt the average period between 
parturition and first estrus was 35-45 days for buffaloes calving during 
the winter season when Berseem clover was available, in contrast to 
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140-160 days for those calving May to October Similar seasonal con 
trasts have been observed in India Winter calvers (November to 
Feburary) averaged 87 days for first postpartum estrus, as compared i o 
115-170 days for those calving in other seasons Because ot the wia 
seasonal variation, it is virtually impossible to discern l ere ar 
characteristic breed differences Reports from the Philippines fciv 
an average for the Carabao as 44 days during all seasons, which sug 
gests some advantage over breeds in India and Egypt, but the average 
value for grade Murrah buffaloes in the Philippines is 47 days 


Estrous Cycle 


The average length of the estrous cycle in buffaloes is about 21 ay*» 
but it shows more variability than in cattle In India the mean leng 
of the estrous cycle in Murrah heifers was 19 3 days, while in cows i 
was 22 9 days (Rao and Muran, 1956) Apparently the cycle length is 
not influenced greatly by breed or season 

The duration of estrus for the Egyptian buffalo shows consider 
able variation ranging from 12 to 60 hours with a mean of 28 4 hours, 
while the Philippine Carabao has a more intense estrus lasting 24 o 
36 hours with a maximum of 4 to 5 days Although the estms behavior 
of buffalo females resembles that of other livestock, it has some 
distinct characteristics For instance buffaloes show little mucous dis 


charge because of increased frequency of urination while m estrus 
For the majority of cattle estrus begins in the A M , but for buffajo eS 
it begins most frequently in the P M (84% 6 P M to 6 A M ) The bu 
falo is more of a nocturnal breeder than cattle In general the sig nS 0 
estrus seem less intense in buffaloes than m cattle although certain 
buffaloes exhibit a high degree of estrus receptivity The vagina 
smear differs considerably from that of other livestock in that it uo eS 
not show clear cut changes at different stages of the cycle, either be 
cause of the fluctuation of the hormone level throughout the cycle, ° r 
because of the complex nature of the vaginal epithelium Recent y, 
it has been found that on the basis of the changing crystallization 

pattern of cervial mucus of Murrah, five stages of heat can be identi 
ii early ^ eat ’ characterized by medium fine ferns with 
cellular infiltration, (2) mid heat, showing a typical fern pattern, W 
heat, exhibiting slight cellular infiltration (4) late heat, having 
tensive cellular infiltration masking the fern pattern, and (5) off heat, 
haractenzed by only cellular infiltration (Roy et al , 1968) 

ovuIatlon relation to estrus is still obscure m 
uttalo, but there is reason to believe that ovulation occurs withm the 
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estrus period since the percentage conception of buffalo cows served 
during different phases of heat was highest (93.0%) during heat and 
lowest (33.0%) during late heat. The ovulation time in Egyptian buf- 
falo cows ranged between 18 and 42 hours after the first appearance 
of heat symptoms (Shalash, 1958); while in Indian buffaloes ovulation 
occurred from 25 to 34 hours after the onset of heat or within 10 hours 
after the cessation of heat. Age, level of milk yield, and work do not 
appear to influence time of ovulation. 

The incidence of silent heat is fairly common in buffaloes and 
silent heat seems to prolong the subsequent cycle length. Of 502 
cycles in 263 buffalo females the percentages of short cycles (up to 
12 days), normal cycles (13-24 days), and long cycles (25-50 days) 
were 16.4, 48.3, and 35.3%, respectively. The long cycles were at- 
tributed to silent heat (Roy, 1969). 


Gestation Length 

The average gestation length for buffaloes is considerably longer 
than for any breed of cattle (Anderson and Plum, 1965), averaging be- 
tween 305 and 316 days. The length of the gestation period is in- 
fluenced by the sex of the calves, the male calves requiring a signifi- 
cantly longer period than female calves. There are also indications of 
effects of sire, age of dam, size of dam, size of calf, parity number, 
and season, with the period increasing during the fall months as com- 
pared to spring and winter. 


Services For Conception 

Information available on the conception rate in buffaloes, either by 
artificial insemination or by natural service, is not sufficient to arrive 
at a definite conclusion; however, where comparable data are avail- 
able, the conception rate of buffaloes seems to be as good as that of 
cattle. With natural service it has been reported to by 63.0% concep- 
tion for first service. Following artificial insemination in 102 animals 
of the Murrah breed, the average percentages of conceptions that re- 
quired one, two, three, or four and more inseminations were 66.2, 
21.6, 5.4, and 6.8%, respectively, and the average number of in- 
seminations required per conception was 1.56 (Bhattacharya, 1962). 
In the Egyptian buffalo conception rate following first service has 
been reported to vary from 36 to 46% and the average services per 
conception from 1.4 to 2.1. Month of calving appears to affect the num- 
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ber of inseminations per conception, with the number of servic 
highest (2 8) in summer and lowest (1 5) in autumn As in cattle, .age 
also affects this characteristic Virgin heifers have a higher breeding 
efficiency than cows, but females in first lactation require more 
services per conception than older animals The best tune 0 
partum breeding is about the same as for cattle, 51 to 100 days e 
low repeatability for services per conception (0 083) indicates 
this trait is predominately influenced by environment 


Service Period 

The length of service period is highly variable as indicated by th e 
following 


Bncd 

Location 

Average 

Range 

Author 

Native 

India 

168 

65-201 

Rai 1966 

Murrah 

India 

180 

21-202 

Rife 1950 

Egyptian 

Egypt 

165 

0-632 

El Sheikh 196V 


In contrast, the average service penod for buffalo cows in the USSR > s 
given as 20-40 days The differences among estimates are proba y 
due both to managenal and climatic variations Anyhow, buffaloes m 
warm climate areas tend to have longer breeding periods than catt e, 
no doubt because of the incidence of silent heat, anovulatory heat, 
infertile services, and embryonic mortality The influence of climatic 
stress on the exhibition of heat symptoms and the incidence of P re * 
natal mortality in buffalo cows and on the semen characteristics o 
bulls also needs careful appraisal 


Calving Interval 

Irrespective of breed, panty, month and season of calving, the aver 
age calving interval derived from 37 studies, principally of f° ur 
breeds, m Ceylon. Egypt, India, Malaysia, Pakistan, PhihpP> neS ' 
Thailand Brazil, and Tnmdad was 495 days, with herd average 5 
ranging from 403 to 730 days There was no distinct relationship be* 
tween calving interval and location or breed , 

of m^T°v?l\ he .i, faCt0rS \ nfluenc,n S the calving interval are the !e\» 
scZncT 1 m ° nth of the season of calving, and the 

i of calving According to Basu (1966) high milk products 
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delays the occurrence of the first postpartum estrus, thereby influenc- 
ing calving interval as indicated below: 


Lactation milk 
yield (kg) 

0-909 

910-1363 

1364-1818 

>1819 


Calving to Just 
estrus (da) 


125 

169 

187 

226 


As pointed out in Chapter 12, the negative energy balance usually 
occurring in the early stages of lactation no doubt contributes to the 
delay in the onset of estrus. Tomar and Tomar (1960) reported that 
rainy season (July to October) calvers had a significantly shorter calv- 
ing interval (461 days) than summer calvers (529 days), although the 
month of calving was not significant; but others have not found any 
influence of season on calving interval. In addition to the season of 
calving, sequence of calving is known to influence this trait. The in- 
terval between first and second calvings is longest— about 530 days — 
and the subsequent intervals tend to decline, the interval between 
second and third calving averaging 495 days and later intervals, 460 
days (Desai and Kumar, 1964). Similar trends have been observed in 
Zebu cattle of India, but the decline is not as marked in temperate 
zone cattle although the first interval is significantly longer. 

The fact that the heritability and repeatability of calving interval 


TABLE 16.4 

Summart; of reproductive characteristics of buffalo females. 


Trait 

Average 

flange 

Age of puberty (days) 

400 

330-700 

Age of first calving (months) 

45 

40-52 

Estrous cycle (days) 

21 

18-24 

Duration of estrus (hours) 

24 

20-28 

Ovulation after end of estrus (hours) 

10 

5-24 

Silent heat, one (%) 

25 

15-35 

Silent Heat, two in succession (%) 

10 

9-11 

Gestation length (days) 

315 

295-330 

Months of highest frequency of calving 

- 

Aug.-Dee. 

Rate of involution of uterus (days) 

<40 

15-67 

First postpartum estrus (days) 

90 

35-170 

Service period (days) 

167 

71-238 

Calving interval (days) 

495 

403-730 
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are negligible indicates that this character is almost entirely deter 
mined by environmental factors The repeatability estimate of ca 8 

interval in Bhadawan buffaloes is about 0 198, while the hentoWW 
in the Murrah breed has been given as 0 028 (Dhmsa, 1963) Sim 
low repeatability and hentabihty estimates of this character have Been 
reported horn Egypt, Italy, and Pakistan In Pakistan it was demo 
strated that the calving interval in buffaloes could be reduce o 
614 to 385 days by improving herd management Table 16 4 provi e 
a summary of present knowledge about reproductive charactens ics 
of buffalo females 


Longevity 

The average productive life of the Egyptian buffalo has been esti 
mated as about 5 lactations (Alim, 1953) However, others repo 
length of productive life as low as 3 5 lactations, and some estmia e 
of total herd life range from 7 to nearly 11 years As m cattle there > s 
a low correlation between age of first calving and length of productive 
life . 

According to Cocknll (1968a) the longevity of the swamp butt o 
is remarkable It is not uncommon to find animals working at 25 years 
of age In Balkan countries there are numerous instances of buffaloes 
living to the age of 40 years 


Milk Yield 

For the Indian subcontinent and certain other regions the bufial° 
is die mam dairy animal In India milk yield of the average buffalo 
is almost twice (682-727 kg) that of the average Zebu cow (364-4 
kg) Both in India and Pakistan the best herds are found at military 
farms and milk colonies On four farms in Pakistan the average mi 
yiejd was 1858 kg and on five farms in India the average yield ' vaS 
2052 kg (Rife, 1959) From most reports it appears that in these t "0 
countries about 3% of the yields exceed 3500 kg in one year or les 
anil approximately 2% of the yields are less than 100 kg The di* 
erence in average yield between the buffaloes in the villages and on 
the government farms is most likely due to environmental factors & 
some of the animals on the military farms and all those in the 
colonics arc purchased from the villages , 

P a Crafie yields ,n are similar to those of India an* 

akistan, the average milk yield of village buffaloes is about 800 kg 
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Lactation milk yield (kg 10 2 ) 


figure 16.5 

Distribution of lactation milk yield by 250 kg 
intervals for 700 lactations of buffaloes in 
Egypt, (Data from Sidkey, 1950). 


and that of government farm herds about 1700 kg. Figure 16.5 illus- 
trates the variability in lactation yield by 250 kg intervals for 700 lacta- 
tions over a three year period on government farms in Egypt. For Italy 
the average first lactation yield is around 1650 kg. 

The swamp buffalo of southeast Asia and the Carabao are poor 
milkers in comparison to buffaloes in India and Egypt Average yields 
for the Carabao are from 100 to 400 kg per lactation. 

No doubt there is considerable variation in milk yield due to en- 
vironmental conditions, but the wide range in yields for individuals 
suggests ample genetic variability for selection for higher milk pro- 
duction. Currently efforts in this direction are not as extensive or 
as well organized as for cattle. On the government farms no male 
calves are saved for breeding from dams that produce less than 2000 
kg; but this is about the extent of selective breeding as there are few 
progeny tested sires. A large number of male calves have been distrib- 
uted from these herds for use in the general population. The influence 
is unknown, but with the low selection differential and lack of progeny 
tests it is doubtful that the genetic potential of the males distributed 
is much superior to the average of the population. 

There has been considerable seasonal variation in milk production 
on farms in Pakistan, with the highest yields coming from cows calv- 
ing in November and December, However, claims about the influence 
of season of calving on milk yield are conflicting. Some concur with 
the results from Pakistan, while others have observed no effect of 
season of calving on total milk yield. Still others suggest that summer 
calvers yield significantly more milk than monsoon or winter cal vers 
(Desai and Kumar, 1964; Singh, 1966). In Egypt the month of calving 
had less influence on milk production than in India, but autumn and 
winter calvers had slightly higher production and longer lactation 
periods than cows calving in spring and summer (Ragab et al., 1954). 
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In Egypt, age of first calving had a significant positive correlation 
with total milk yield in the first and the subsequent lactation periods 
up to the fourth Similar observations have been made by some in 
India, while others, such as Dutt et al (1965), have found a sigmbcani 
negative correlation between age at first calving and milk yie np ® 
10 years of age and a positive correlation between age at first c vmg 
and life time production In view of these conflicting claims it is P re ^ 
mature to suggest a selection and breeding program based on t e ag 
of maturity 

As with cattle, total milk yield appears to increase with advancing 
age, and maximum production occurs tn the third or fourth lactation 
There is some evidence that the decline in the milk yield of bu a oes 
with advancing age beyond 6 years is much greater than for cat e 
However, more data are needed to confirm this and to establish age 
correction factors for the buffalo 

Basing their conclusions on the intra sire regression of daugn e 
on dams, Asker et al (1953) reported that the hentabihty estima e 
of milk production in the buffalo was 0 24 According to Ashfaq an 
Mason (1954) the hentabihty estimate of milk yield was 0 18 ® 

repeatability estimates vary from 0 37 to 0 50 Both the hentabihty 
and repeatability estimates are similar to those for cattle, which means 
that the methods of selection and improvement already m practice 
vv ith dairy cattle should be equally applicable to buffaloes 


Milk Constituents 


The milk fat percentage of buffalo milk is about twice that of cattle 
milk 6 8-7 2% m Murrah buffaloes in India, 6 5-7 0% in Pakistan, 
7 2-7 9 % in Italy, 6 4-7 1% m Egypt, 7 0-10 0% in the USSR, 7 5% * n 
Bulgaria, and over 10 and 12% m the Philippines and China, respec- 
tively On occasion it may be as high as 15% with the overall average 
of about 7% or a little more (Cocknll, 1967) It vanes with the age, 
season, and time of milking (Amble and Jacob, 1960) There is also 
considerable breed vanation, the Bhadawan breed of India being tn 
highest (137o) 


Due to the high fat content, the total milk fat yield compare 
favorably with that of European cattle and is much higher than fcj 
in igtnous cattle The repeatability estimate of total butterfat >» el 
dln^wu 5 a T° XimaleIy s,m,lar (0 43) to that for cattle and 
d w lnnl ^merfut yield is a permanent characteristic of the m 
div idual cow (Knapp, 1957) 

The other constituents of buffalo milk also differ considers^ 
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from those of domestic cows. Buffalo milk is richer in total solids, 
minerals, and calcium and phosphorus and exhibits certain other dif- 
ferences in physical and chemical properties (Laxminarayana and 
Dastur, 1968). A summary of the constituents of buffalo milk in various 
countries as well as cow milk in India and the U.S. is found in Table 
16.5. 

With advancing lactation the fat content increases while the 
specific gravity and solids-not-fat behave in a reverse order (Ghosh 
and Anantakrishnan, 1964). In spite of the higher fat content, the phos- 
pholipid and cholesterol contents of buffalo milk are lower than those 
of cow’s milk, while the total saturated fatty acids are higher, giving 
rise to a significantly lower iodine value. Also the milk protein of buf- 
falo milk contains greater proportions of casein and slightly higher 
amounts of albumin and globulin than cow’s milk. There do not seem 
to be quantitative and qualitative differences in the amino acid com- 
position of casein, but the amino acid composition of the proteose- 
peptone content shows some quantitative differences from cow’s 
milk, Buffalo milk is lower in sodium (47.7 mg%) and chlorine (66.98 
mg%) than cow’s milk (55.3 mg% and 85.6 mg%). There is no differ- 
ence in the concentration of other minerals, except phosphorus, which 
appears higher for buffalo (0.107 g%) than for cattle (0.083 g%). Buf- 


table 16.5 

Milk constituents (in percent) of buffalo and cow milk. 


Breed 

Country 

Specific 

gravity 

Fat 

SNF 

Total 

solids 

Protein 

Lactose 

Ash 

BUFFALO 

Nondescript 

India 


7.62 

9.61 

— 

3.91 

5.70" 

_ 

Murrah 

India 

- 

7.16 

9,21 

16.41 

3.35 

4.81 

0.765 

Murrah 

India 

- 

6.80 

9.39 

17.00 

3.41 

4.92 

0.789 

Murrah 

USSR 

1.031 

8.10 

- 

18.10 

4.32 

4.90 

0.840 

Murrah 

Bulgaria 

1.031 

7.50 

9.88 

17.38 

4.10 

4.78 

0.730 

Murrah 

Italy 

1.034 

7.90 

10.40 

18.30 

4,73 

4.97 

0.750 

Murrah 

Egypt 

1.034 

7.14 

10.03 

16.40 

3.87 

4.99 

0.790 

CATTLE 

Nondescript 

India 

— 

5.61 

8.70 

14.30 

3.01 

4.79 

0.725 

Red Sindhi 

India 

— 

4.92 

8.49 

13.44 

2.85 

4.58 

0.752 

Holstein 

U.S. 

- 

3.53 

8.54 

12.07 

3.08 

4.78 

0.680 

Jersey 

U.S. 


5.37 

9.54 

14.91 

3.92 

4.93 

0.710 


‘Including ash. 
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falo milk generally contains more lactose and slightly higher amounts 
of citnc acid (0 245 vs 0 183 g/100 ml) , , t <r i 0 

Analysis of the vitamin content has shown that while 
milk contains many of the B complex vitamins and vitamin ana 1 1 
as good in its vitamin A potency as cow's milk, it is characterize y 
the absence of carotene This latter charactenstic has sometim 
been used as a means of differentiating between milks 

Buffalo milk is considered superior to cow's milk for making g 
in India or semma in Egypt In Italy buffalo milk makes the est oz 
zarella cheese and is preferred elsewhere, for example, in the i 1 ^ 
pines, for making soft cheeses However, it is not as good as cow 
milk for the preparation of hard cheeses, such as cheddar, becauseo 
a slower rate of acid production, lower retention of moisutre m 
curd, and higher losses in the whey In the preparation of infant foo s, 
buffalo milk must be adjusted in its composition with the addition o 
phosphate and citrate and the curd tension reduced by heating 


Temperament 

In companson to Indian cattle, buffaloes are very docile Due to then 
extreme submissiveness, their care is generally entrusted to c ’ 
dren (Figure 16 6) By contrast, in Egypt buffalo cows may be very 
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temperamental. They must often be hobbled to prevent them from 
becoming destructive, especially when strangers venture near. 

Compared to the native Indian cow the buffalo is easier to milk 
because its calmness permits better let-down of milk. And the pres- 
ence of the calf is not required to stimulate milk let-down. This may 
be done by gentle massaging of the udder and teats, principally the 
latter. More time is required for stimulation (2.5 to 3.0 minutes) than 
for European breeds of cattle (1.0 minute). Since the stimulation re- 
quires considerable time and to avoid calf feeding, a large proportion 
of buffaloes in India are milked with the calf present; but this is not 
always the practice in the milk colonies. 


Draft 

Where speed is not the criterion buffaloes are efficient work animals. 
In the lowland rice growing areas they are much preferred as their 
massive feet aid in puddling the soil. The exceptionally flexible fet- 
lock and pastern joints of the swamp buffalo enable it to move more 
efficiently in mud (Cockrill, 1967). Buffaloes are also preferred for 
threshing rice where trampling is used, and they perform such tasks 
as operating water lifts for irrigation better than cattle. 

Buffaloes are less efficient than cattle as draft animals on hard 
surfaced roads because of their slower movement (3.2 km/hr) and in- 
efficiency in withstanding dry heat and solar radiation. Nevertheless, 
they are used for heavy loads as a team is capable of pulling almost 
twice as heavy loads as a team of bullocks. Female buffaloes are used 
for field work, whereas female cattle are seldom put to work. It is 
claimed that female buffaloes can be worked 3 to 3.5 hours per day 
without adverse effect on milk yield. 


Meat Production 

Thus far little attention has been given to the buffalo as a meat pro- 
ducing animal. Buffaloes are seldom reared and fattened for meat 
production, but they are slaughtered for meat when they have out- 
lived their utility as milk or draft animals. 

Up to 52 weeks buffaloes grow more slowly than cattle. During 
this time the body weight of grade European breeds of cattle and even 
calves of indigenous breeds of cattle increases tenfold while the body 
weight of buffalo calves increases about eightfold. In India, Murrah 
heifer calves showed weight gains similar to those of cattle up to 6 



590 


SHEEP AND WATER BUFFALOES 


months, but at 1 year they were 40 kg below the accepted standard 
of 230 kg for buffaloes Buffaloes make slow gams in the early weeKS 
of life but by 20 weeks of age gams may exceed 0 6 kg/day At 1 ye 
age the Egyptian buffalo heifers seem more nearly like Jerseys 
grow at about the same rate until 2 years of age, but the Ita _ ian 
faloes grow at about the same rate as Holsteins (Knapp . , 

The dressed carcass weight of even a moderately fattened 
falo will not be more than 48% of the live weight, while one in po 
flesh will dress out at 35% This is because of the large digestive sy 
tern, bones, and head (Cocknll, 1967) However, in Italy, Bulgaria, 
and Yugoslavia a dressed carcass weight of over 50% is not unC0 
mon The forequarters of buffaloes are larger than those of Europe 
breeds of beef cattle The carcass fat has a low melting point 
37°C) The percentage of lean meat is good (79), but the percentage 
bone is high (19-21) , . g 

An experiment conducted in Egypt indicated that growth ra * 
dressing percentages, and carcass quality, as judged by the prop 
tions of lean and fat, are good (Table 16 6) As expected, the quan^ ^ 
of fat was highest in steers and lowest in young calves The co or 
the meat darkened with age and the lean of the steers was lighter i 
color than that of the bulls Tests showed that tenderness < * et '5 e , aS « s 
with age Because of toughness the meat of both steers and > u ^ 
slaughtered at 24 months of age was considered unacceptable to co 


TABLE 16 6 

Composition of buffalo carcasses in relation to age and /lie weight 
\ll animals were started simultaneously and three animals 
were slaughtered at each of the ages indicated 


Type 

animal 


Age 

slaughtered 

(mo) 


Lite* 

weight 

<kg) 


Dressing 

(*c) 


230 

359 

449 

236 

360 

450 


599 
57 2 

537 
57 6 
527 

53 3 
544 
543 


Lice weight to carcass^ 


354 

340 

326 

334 

33 7 

31 2 
348 

34 1 


67 
6 1 


130 

ll£ 

99 

93 


9 1 
89 
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In older buffaloes (>18 months) the muscle fibers are thicker 
with more nuclei. In transverse section the fibers are polygonal and 
not irregular shaped and the fibrillae are larger with greater cell con- 
tent than in cattle. There is little or no marbling. The fat is laid down 
as external covering, between the muscle bundles and in the viscera. 
These qualities make the meat coarse. However, the meat of 4- to 
6-week-old calves fed properly is similar to veal. In Italy, Bulgaria, 
and Yugoslavia the quality of buffalo meat is good and the flavor is in- 
distinguishable from beef. In the absence of carotene, the fat is pure 
white. In parts of Nepal and Thailand the hide is processed for eating 
by prolonged boiling and subsequent drying in the sun. After cooking 
in the fat it makes delicious “buffalo chips.” 

The price of buffalo meat is usually competitive with beef, and 
buffaloes can be slaughtered at a younger age (2.0-2. 5 yr) than cattle 
(>4 yrs). 


Susceptibility to Disease 

Although buffaloes suffer from almost all the diseases and parasitic 
infestations common to cattle, there are certain differences in identity, 
prevalence, clinical picture, and susceptibility to various infections 
(Mohan, 1968). It is claimed that buffaloes are less susceptible to 
rinderpest but this may not hold for all areas. Reports from India and 
Indochina suggest that the buffalo is less susceptible to foot and 
mouth disease and clinical attacks are milder; but in Malaya, the 
Philippines, and Laos die incidence and severity of infection seems 
no less than in cattle. Brucellosis is more sporadic in buffaloes. They 
are very susceptible to hemorrhagic septicemia. They appear less 
susceptible to Johne's disease, salmonella, and other enteric infec- 
tions, but the incidence of tuberculosis is variable. While there is 
some evidence that Egyptian buffaloes possess resistance against 
tuberculosis, the incidence of infection is much higher in Indian buf- 
faloes than in native cattle, possibly because of the large numbers of 
buffaloes kept in dark, damp housing around urban centers. 

Among the parasitic diseases, ascariasis is very common in buffalo 
calves and is one of the main causes of mortality. Prenatal infection is 
invariably found. Although the species of ticks that infest buffaloes 
are generally the same as for cattle, tick infestation is usually lighter 
and the tick-borne diseases are much less common than in cattle 
(Cockrill, 1967), probably because of the difficulty in penetration of 
the hide by ticks. 
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THE FUTURE ROLE OF THE 
WATER BUFFALO 


The future of the water buffalo has been a subject of great con o- 
versy There are strong opinions for and against buffaloes Some coun 
tries have gone so far as to develop plans to eventually rep ace 
buffaloes with cattle It is difficult to predict how the trend wi go 
Conceivably, well executed programs in cattle breeding and the e 
velopment of suitable machinery for lowland nee production cou 
both have marked influence on the buffalo population 

The use of the buffalo vanes from place to place While in sou 
east Asia it is used pnmanly for agncultural power in paddy culbva 
bon, in India, Pakistan, and Egypt it is more important as a dairy 
animal In India the Kaira cooperabve at Anand in Gujrat State is a 
testimony to the importance of buffaloes in meeting the country s v 
needs for milk products Besides supplying nearly 100,000 kg of m 
daily to the city of Bombay, this plant also manufactures varying 
quanbbes of clanfled butter (ghee), milk powder, baby food, cheese. 


condensed milk, and casein 

Presently the rural populahons m India and Pakistan maintain, 
cattle pnmanly to obtain a pair of bullocks, but with the consoh 
hon of land and increasing mechamzahon the need for bullocks ' V1 
no doubt decrease It would be logical to assume that with advancing 
mechanization buffaloes will also decrease in importance for power 
However, this does not mean that buffaloes will be enbrely replaced 
by machinery Whether they can remain compebbve in milk and mea 
produebon is uncertain In Yugoslavia, Bulgaria, and Malaysia, a 
tempts to use buffaloes for meat produebon have had encouraging 
suits Such invesbgations are important to India where there are c 
tural inhibitions against eahng beef Development of a sound mea 
industry for India would not only help meet protein needs butcou 
also serve as an earner of foreign exchange 

One of the problems that will have to be solved is the high m 
cidence of calf mortality At present the majority of buffiilo calves 
are bom during the monsoon season m southeast Asia Whether 
high incidence of mortality m buffalo calves is due to their greater 
suscephbihty to diseases than Zebu calves or to the season of *«* 
buth is undetermined. It would not be surprising to find that the 
r™ v * ul rate in 1 Ze ^ u calves bom during the rainy season is 
hem? T. a ‘ °* er Ulnes The P res ent statistics may be mislea*” 8 
ecause about 75% of the calvings for buffaloes occur in the 

ramnmmeM. as compared to about 25% for cattle The P°° r 
ygiemc conditions during the rainy seasons, along with increased 
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parasitic and other infections, appear to be the major causes of such 
high death rates in buffalo calves. 

Another problem in developing a meat industry from this species 
is its slow growth rate. But feeding may be partially responsible for 
this. While Zebu male calves are fed reasonably well because they are 
potential bullocks, buffalo calves seldom receive similar care. And 
no doubt the customary early weaning of buffalo calves retards their 
development. 

When one considers the merits of the buffalo as a dairy animal one 
confronts certain biases for moves to eliminate them. On the credit 
side, it is docile, thrives reasonably well on coarse roughages, already 
contributes significantly to the dairy economies of several countries, 
and provides a milk that permits a greater degree of toning. On the 
debit side, it is considered a semi-aquatic animal of nocturnal pre- 
dilections, which matures slowly, breeds seasonally and seems less 
adaptable to the adverse climatic conditions prevailing in tropics. 
The latter may not necessarily be true as distress in buffaloes is 
manifested principally when they are prevented from seeking pro- 
tective shade. In spite of these limitations, most of which are open 
to question, the fact remains that the buffalo has as good milk produc- 
ing capacity as indigenous cattle and is thus a major economic asset 
to die peasant producer. In India, for instance, where the best milking 
breeds are found, the buffalo already contributes at least 60% of the 
total annual milk yield. This is in spite of the fact diat most planned 
programs are oriented towards catde. 

No doubt the seasonality of breeding can be corrected largely 
through management. Recent experiments in India indicate that much 
can be done in this regard. It was found that all buffaloes that calved 
prior to the onset of winter (December) came into heat during the 
height of the summer season (April-June) if they were maintained in 
shaded half-wall sheds, where the ambient temperature was only 
1.5°C below that outside. It was also observed that buffaloes main- 
tained in a yard that afforded very little protection from solar radiation 
came into heat, as evidenced by the changing crystallization pattern 
of the cervical mucus. These cows were bred with reasonable success. 
Hence improper heat detection or failure to detect heats may be the 
main cause of low fertility during the summer months (Roy et al., 
1968). Housing of buffalo bulls during the summer aided materially 
in the improvement of semen quality and libido. 

To ascertain the efficiency of summer breeding operations of 
buffaloes, Indian researchers maintained groups under the following 
treatments from April to June: (1) under conventional practice where 
the animals were sent out for grazing in the day (control group); 
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(2) under a shed during daylight hours, or (3) under a died where 
provision existed for splashing of water over the animals a 


am.IOOpm. and 4 00 P \i , , . n 

In the control group a teaser hull accompanied the hero 
times Females found in heat were hand mated to a bull kept mac 
ventional half-walled shed In the other two groups estrus was a- 
tected by using a bull housed in a shed w ith provision for coo ing 
inside temperature to around 36 C C The bulls were allowed lo 
those they detected The respective calving percentages were. » > 
and 80% The percentages found in estrus were 50, 90, an ' 
respectively The loss of libido of the teaser bull and the gross e e ^* ^ 
ration in the semen quality of bulls when protection was not provi e ^ 
against climatic stresses were considered responsible for the P° 
fertility in the control group (Roy, 1969) Subsequent inveshga icm 
have revealed that even provision of tree shade during the day is su 


cient to prevent prenatal mortality , . 

During the course of these investigations it was observe d 
estrus in buffaloes as compared to Zebu cattle was ver> weak eve 
during the height of breeding season (August-December), w 11 
during the summer months (April-June) the symptoms becain^ 
weaker They were depressed to such an extent that routine manage 
ment practices would be inadequate in detecting heats The conditio 
was indistinguishable from anestrus Moreover, use of teaser bu 
seemed of doubtful value in detecting animals in heat as the> oS ^ 
libido when subjected to direct and indirect effects of solar ra ia 
tions in the summer season But examination of cervical mucus cry * 
talhzation pattern twice daily at 7 00 A M and 7 00PM.or of genu ^ 
tract by rectal palpation, or detection by leading a tethered bull ( e P 
protected from summer stresses) three times a day at eight-hour ,n 
tervals clearly indicated that there was no suspension of reproduce 
rhythm during summer The results of these investigations seem 
contradict the prevailing view that buffalo cows pass into a conditio 
of anestrus or subfertihty during the summer months It is easy to con 
ceive a variety of factors that make autumn (October-Nov embed » 

season of highest conception The animals calve maximally during 
July and August By October-November they are probably beginning 
to gain m weight, with grazing at its best The buffalo bull, no matt 
what the housing may be during the summer, regains full sexual . vig 
by autumn as a result of the higher availability of nutrients during 
the previous three months (rainy season) and the more favorable 
climatic conditions 

Another argument against the use of buffaloes is that it is possil) |e 
to increase milk production through crossbreeding of indigenous e> 
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tie with exotic breeds. To what extent this argument can be translated 
into practice cannot be forecast for all situations. Moreover, if it is 
conceded that the dairy industry must be supported with indigenous 
resources, the extent to which crossbreeding among cattle groups can 
be carried out remains open to question. In spite of the current “green 
revolution” the general economic status of the average farmer in most 
areas of southeast Asia will remain rather low for a considerable time. 
For livestock this means the farmer will not have the wherewithal to 
produce crops for feeding livestock. Consequently, most animals will 
continue largely as consumers of agricultural wastes. These considera- 
tions will always limit the introduction of improved stocks. On this 
basis it could be argued that in the long run those species and breeds 
which demand less attention for housing and management and are 
less discriminatory in their feeding habits should prove more de- 
sirable. 

Apart from the scientific considerations, there are social consider- 
ations that cannot be ignored in assessing the future of the buffalo. 
Human likes and dislikes will always have a say. Just as the relative 
popularity of tea and coffee in the various countries of the globe is 
largely dependent on the palate of the people, so is the desirability of 
cow versus buffalo milk. In rural India the place of the buffalo is 
relatively secure on this account It is only around big cities and in- 
dustrial belts where, instead of milk per se, the protein becomes im- 
portant as a commodity, that milk from crossbred cows may catch 
the invagination of the trade for highest yields of protein, which is at 
present mostly dependent on buffalo milk. 

In most countries containing sizable buffalo populations the 
scientific principles of breeding have not been put to any serious test 
so far. Currently, no country has an effective breeding program for 
buffaloes, although in many places selective breeding could be ac- 
complished more readily with buffaloes than with cattle since there 
are numerous large herds already on government farms with better 
management than village cattle receive and established record keep- 
ing. At present much more attention is being directed to cattle. 
Clearly, the future of the buffalo depends upon the emphasis of the 
various countries. If they choose to build new strains of cattle based 
on crossbreds of improved breeds, the buffalo’s role is very likely to 
become small. However, emphasis on systems of breeding and man- 
agement for buffaloes seems justified. 
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Milk Handling and 
Processing in the 
Warm Climates 


A realistic approach to handling food in a technically young country, 
usually under adverse climatic and other conditions, requires con- 
siderable adaptation to the usual way of thinking in the temporate 
zones. In the latter, society requires that everything used in the daily 
diet meet stringent standards. Even a glass of water drawn from a 
faucet must be approved by a certifying agency as to its physical, 
chemical and bacteriological quality. The same standards apply to 
food items stocked on the shelves of a supermarket. In addition, 
nearly all foods are within the financial means of most all the popula- 
tion. This cannot be the yardstick used to judge and evaluate food 
handling in areas of food scarcity and low incomes. 

The Food and Agriculture Organization of the United Nations 
presents some striking calculations to demonstrate the magnitude of 
the needs for milk and milk products. If, for example, man, woman, 
and child in the countries of the N-S 30^ latitudes were to have only 
one-fourth liter of milk per day, then every day for the next ten years 
one new plant capable of processing 100,000 liters daily would have 
to commence operation (Pedersen, 1966). Thus every deciliter of milk 
produced for human consumption is important. 
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In the temperate zones foods must meet stringent standards But 
where food supplies are short, people usually eat whatever foo is 
available, even if it is unsafe, because of satiety and it increases their 
chances of survival For this reason it is suggested that all means o 
making use of milk, including milk of low quality, be explored It is 
beyond the scope of this chapter to develop scientific methodologies 
or broad technological aspects for milk processing A review by R* ce 
(1965) covers a number of these points in an excellent fashion It also 
contains an extensive bibliography on some aspects of processing 
milk and milk products The main purpose here is to indicate some 
of the measures that may be utilized to make better use of the mi 
supplies that are available or can be provided in many areas oi tn 
warm climates 

All methods of technology should be utilized to improve foo 
and make it safer, but due respect should be paid to the given condi- 
tions in the environment, including the people The first step in wn 
proving the quality of foods is to orient the attitude of the people to 
change Without their support, both as producers and consumers the 
quality of milk products will become poorer rather than improve 
During the last 20 years many projects have shown that a dairy 
industry is technically and economically sound even under adverse 
climatic conditions The Bombay Milk Scheme is an excellent exam 
pie (Khurody, 1962) Before planning and establishing a dairy mdus 
try, however, it is essential to make surveys of the area On this sub- 
ject a great deal of background material can be found in pubhca 
tions by Whyte (1967) and Whyte and Mathur (1968), as well as m the 
monograph Milk Hygiene (1962) published jointly under the auspices 
of FAO and WHO Information is needed on the number of producing 
animals in the area, the amount of milk which may be currently avail 
able, including that produced and marketed in small lots (Figure 
Ih along with projections for later stages of developing milkP roC 
essing plants and market outlets and the existing means of transporta 
nrnrl« ? P e * ements °f the environment that may limit the 

production of milk m the area (Chapter 2), and the quality and amount 


of water, as well as its 


„ n ,i o ^ i r T — temperature during different seasons - - 
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FIGURE 17.1 

Two Indian girls in Guatemala buy milk from a village farmer and 
transport it to a distant market place for resale. 


development raises less difficulties. Furthermore, until the project is 
firmly established, its management should remain the responsibility 
of advisors with experience in the processing of milk under similar 
conditions. The local staff can then be trained during the gradual im- 
provements in their own environment until they are ready to take over 
the entire scheme. 


MILK FOR FLUID CONSUMPTION 

When launching plans for dairy development, it should be kept in 
mind that the highest possible return to both producer and processor 
is obtained when the milk is used for liquid consumption. Even heavy 
imports of dairy products do not change this general rule. There is one 
notable exception: if the local population is not in the habit of drink- 
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FIGURE 17.3 

In rural villages and nomadic tribes milking pails and ladles are often made 
of wood with band tools. (Courtesy E. J. Siegenthaler). 


ing fresh milk, as in certain areas of the Andes in Latin America, the 
manufacture of a white cheese will make the valuable milk solids 
available for consumption in another more palatable form. 

A fundamental requirement in handling milk and milk products is 
cleanliness of utensils. Under field conditions this is not easily ac- 
complished. Goat skins (Figure 17.2), calabashes and locally made 
containers of wood (Figure 17.3) and other materials are still widely 
used. The sanitation of these receptacles is to say the least, rather 
doubtful. In this light, the use of old oil drums and kerosene containers 
properly cleaned is a step forward. Another unfortunate but common 
practice is the placing of a block of wood or bundle of straw on top 
of the milk in an open container to minimize slopping and loss when 
transported over long distances. In many instances such a practice has 
been employed for generations without anybody objecting. Changing 
such customs is not always easy; it must be done diplomatically to 
avoid offending the local population as illustrated in Figure 17.4 and 
17.5. 

Another problem that must be coped with is the adulteration of 
milk before the establishment and enforcement of dairy and food 
legislation it can be expected that up to 90% of the milk sold on the 



FICURE 17 4 

Herdsmen in the Himalayas agreed to replace their uooden buckets for transport o 
milk to a small cheese factory with cans loaned to them This was the first step «o 
improving the hygiene conditions of the milk and made it possible to convert it into 
cheese (Courtesy E J Siegenthaler) 


local market will contain added water Numerous vendors operating 
side by side, sell milk for different prices It is no secret that the 
amount paid is in direct relation to the added water What makes it 
even worse is that the adulteration is done by people often lacking 
the most elementai-v „r i * i from 


mar tne adulteration is done by people often iacM»& 
the most elementary knowledge of hygiene Lukewarm water bon 
dirty containers standing for hours in dusty, smoky huts is frequently 

fnr J ’ . *' . .. ■ JI.nrT 


A c , lur nours in dusty, smoky huts is ire*****'*—' 

use or this purpose The writer witnessed a milk handler ladling 
wafer Frnm c_u .. , . _ t i. ,i.mi 


me wnrer wimessed a milk ham 

water from the paddy field into milk buckets Because adulteration 
often provides additional income the producer and the perambulating 
salesman of raw milk cenerallv cur-k nbiectto 


. “—utitioi income tne producer and the perarnuu^-— 

salesman of raw milk generally such as the Dudhia of India, object to 
ceasmg their trade and taking the milk to a plant or collecting center 
‘n!” P nce » Probably higher than the plant could be reason 
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FIGURE 17.5 

Hygenic conditions for handling milk in East Africa were improved by demonstrating 
to the local women that it was more pleasant to transport the milk on their heads 
to collection points in closed topped cans than in open pails. (Courtesy FAO). 


taneously. This is one of the reasons that at the very beginning the 
milk should be collected from all the farmers who will release their 
milk, regardless of its quality. Milk that is not taken in during the early 
stages reaches distribution channels by other avenues, thus spoiling 
the market and making the customer suspicious. Milk that does not 
meet the standard established for fluid consumption can be used for 
manufacturing dairy products. If it is of very poor quality, it can be 
converted into butter oil (ghee) and casein. 

The producers price must be determined by the hygienic condi- 
tions of the milk, and possible adulterations with water. To detect 
the degree of adulteration with reasonable accuracy may prove diffi- 
cult, however. In order to estimate the amount of added water, the fat 
percentage and the specific gravity of the suspicious sample should 
be determined. This part can be accomplished with ease, but to make 
it useful, one must know tire fat percentage and the specific gravity of 
unadulterated milk of the same origin. Because there are so many fac- 
tors affecting the composition of milk— e.g., irregular feed supply, 
manner of milking, suckling calf at the beginning or end of milking, 
use of milk of different breeds or admixture of other milks (buffalo. 
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goat, ewe) and interval between milkings — valid estimates of fat 
content are difficult to obtain. Moreover, the elaborate formulas by 
which the solids-not-fat and the addition of water are calculated 
work fine under known and more or less standardized conditions but 
are hardly reliable in the environment described above. It can 
hardly be expected that in this environment a cryoscope and a trained 
technician will be available to determine the freezing point of milk. 

In spite of these drawbacks, a fairly efficient system of milk pay- 
ment can be established by using fat determination as the main test. 
Base price is paid for what appears to be unadulterated milk. For all 
milk of lower grade, less butterfat, rigorous deductions are made- 
deductions that make the addition of water economically uninterest- 
ing. Suppliers delivering above-average quality obtain a bonus. The 
butterfat is analyzed in composite samples. At every delivery an 
aliquot amount of milk is transferred to ajar containing a preservative 
(potassium bichromate, formalin, or benzoic acid). The milk is tested 
about twice a month. As conditions allow or call for, additional tests 
(reduction time and sediment) can be introduced. This procedure has 
a definite educational value. At a later stage it can be replaced by a 
more accurate one. If, at the beginning, it is difficult to set a base 
price acceptable to all parties concerned, concessions can be made. 
In general, a policy of slow progress raises the least difficulties. 

Guerault (1964) claimed that milk produced under tropical condi- 
tions showed an increased bacteriostatic action. This apparently oc- 
curs in spite of a multiplicity of contaminating agents such as dust, 
flies, insects, and unclean containers. It would probably facilitate 
dairy development in the tropics if this observation could be substan- 
tiated by scientific data. However, Auclair (1968) compared 137 sam- 
ples of cows’ milk from four tropical countries and 40 samples of buf- 
falo milk from India to 164 samples of cows’ milk from French dairies 
and concluded that fresh milk of cows and buffaloes from tropical 
countries did not differ in bacteriostatic properties from cows’ milk 
from temperate zones. 

In the early stages of dairy development refrigeration may not be 
available. If uncooled milk has to be transported over long distances, 
the use of a preservative should be carefully evaluated. Hydrogen 
peroxide is an inexpensive, non-toxic, and easily removable preserva- 
tive that has been approved for use by an expert panel of FAO. The 
Food and Drug Administration of the U.S. has also sanctioned the 
treatment of milk with hydrogen peroxide for production of various 
types of cheese. This process is currently used by makers of Swiss 
cheese in Wisconsin. The possibilities and limitations of its applica- 
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TABLE 17 I 

Equivalent quantities of hydrogen peroxide 
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tion in facilitating milk collection under tropical conditions were in 
vestigated by Siegenthaler (1967) 

The recommended procedure is that the preservative be added 
to the milk as early as possible It is immaterial whether the milk » s 
still warm or has been cooled First, all extraneous matter introduced 
into the milk during milking and handling must be thoroughly re- 
moved as such particulate matter harbors and protects microorgan 
isms— in other words, decreases the bactericidal efficiency of the pre- 
serving agent Metal filters equipped with single-service cotton pads 
are best If these are not available clean cloths can be used, but the y 
require special treatment After each use they must be thoroughly 
washed, sanitized by boiling m water for at least 5 minutes, and then 
dried in an area protected from dust The quantity of hydrogen per 
h n e m ap f led should not exceed 0 8%, calculated as 100 t 
hvdm, 8 17 J Shows e( tuivalent quantities of the commero* 
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THE MILK PLANT 

A pasteurizing and bottling unit calls for a costly plant and experi- 
enced personnel. But the establishment of a fairly modest unit can 
serve as a pilot project for later development. As local milk production 
builds up, the plant can progress at a comparable pace and the per- 
sonnel can become progressively more competent in operating com- 
plicated equipment. 

In well developed plants, continuous flow pasteurizers have al- 
most completely replaced the heat treatment by the holding method 
for pasteurization. However, the High-Temperature Short-Time 
units, or plate pasteurizers, with all their delicate gadgets and con- 
trols are anything but foolproof. They require expert attention during 
the entire operation. Moreover, in an area where the availability of 
spare parts presents a problem, a breakdown might well mean the 
shutdown of the entire pasteurization plant. On the other hand, tire 
vat, tank, or batch type of pasteurizer is, from the constructional view' 
point, rather simple. It consists of a jacketed vat with an agitator. The 
outside is covered with insulating material. The milk is heated by hot 
water or steam passing into the space in the jacket. Under continuous 
agitation the milk is heated to 63°C where it is held for 30 minutes. 
After draining the hot water, the jacket is filled with the cooling me- 
dium, which is first cold tap water and then ice water. 

One important feature of the vat pasteurizer is its flexibility. Its 
operation can be continued throughout the day and it can serve as a 
holding tank. If required, additional or larger units can be installed 
with a minimum of costs and construction changes. For detailed in- 
formation the reader is referred to one of the following: FAO/WHO 
(1962), Milk Hygiene, or Milk Pasteurization , (Hall and Trout 1968). 

Packaging of the milk after it is pasteurized requires careful con- 
sideration. It is impossible to discuss the relative advantages of glass 
bottles and single- service cartons here. In the transition period— be- 
fore tlie establishment of the dairy development project— a simple 
procedure is probably best. To large customers (hospitals, schools, 
army camps), the milk could be delivered in sealed cans. The retail 
customer could buy a bottle and bring it to the distribution center for 
filling from a dispenser. This has hazards due to varying concepts 
about sanitation of the bottle. A more practical approach would be to 
have facilities to provide a sanitizing rinse to the bottle before they 
are filled. In Israel good results have been obtained by packaging 
pasteurized milk in single-service plastic sachets (half liter poly- 
ethylene bags) for distribution (Rosenfeld, 1968). 

Milk prices are largely determined by volume of sales. If prices 
are high, dairy development will be restricted. Toning of milk can be 
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a solution to this problem Toned milk is obtained by standardizing 
high fat milk with nonfat dry milk and water This process ma es » 
possible to increase considerably the output of market milk an a 
the same time hold down pnces to consumers If the sale of es 
milk cannot be made attractive to the general population, the manu 
facture of derived products is even more likely to fail 


FERMENTED MILK 

If raw milk is kept over an extended period at ambient temperature 
it turns sour This is because lactic acid producing bacteria are prac 
tically always found in raw milk If the milk is of low quality, an 
there is likeliness of pathogens being present, the milk should e 
boiled or pasteurized Such heat treatments destroy not only the un 
desired organisms but the lactic acid bacteria as well After boiling 
or pasteunzation, the lactic acid producing bactena (starter organ 
isms) must be added in the form of a culture or starter to produce sour 
or fermented milk The culture is very often nothing more than sour 
milk from a preceding batch Sometimes lactic acid culture is a* s0 
added to raw milk to speed up the sounng or fermentation In other 
words, soured milk, fermented milk, and cultured milk are s>non> 
mous, in all three the milk sugar is converted into lactic acid, whic 
brings about coagulation 

In many areas of the world more milk is consumed in a fennente 
form (Figure 17 7) than as a fluid product Yoghurt, Kefir, matzoon, 
and kumiss are soured milks consumed in southeastern Europe n 
the Middle East and a number of Arabian countries the equivalen 
product is leban On the Indian subcontinent almost two-thirds of the 
milk produced is converted into dahi and in Spanish speaking coun 
tnes termented milk is distributed as ‘leche agna ” An enumeration 
, sour milks the world over would be a mere list of words in foreign 
languages denoting more or less the same product . , 

* * 6 *V° l ) tzne ° us sounng of milk without an appropriate heal 
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FIGURE 17.7 

Dahi, a fermented milk product, is 
popular .ill over India. It is made, 
transported, and sold in “single 
service” pottery bowls, which are 
also made by the farmers. (Courtesy 
E. J. Siegenthaler). 


a better natural immunization than those living in countries with en- 
forced food protection laws? Or must the technician slow down the 
development of a project by accepting and passing only perfect food? 
Have not many of the local practices, in spite of their limitations, 
proved their worth throughout generations? The best answer to the 
questions boils down to which is the lesser of two evils. The deci- 
sion must be reached by the advisor at the local scene. In judging the 
validity of decisions among localities one must bear in mind that it is 
much easier to plan on paper or to direct technical assistance from 
abroad than to implement the plans in the field. 

There are books and manuals available describing the manufac- 
turing of fermented milks step by step. But most of the recommended 
procedures require equipment and utensils as well as special bac- 
teria cultures often unavailable in remote areas. The following pro- 
cedure takes into account village conditions and combines the art and 
tradition with the knowledge of controlled manufacture of cultured 
milks in dairy countries. 

The milk is run through a filter to remove all extraneous matter 
and then brought to a boil. It is cooled to ambient temperature by 
placing the vessel in 25— 40°C water. When the milk reaches the de- 
sired temperature range, it is inoculated with about 5 percent of the 
previous day’s sour milk and kept warm until it is clotted and has the 
desired acidity. This will take between 3 and 10 hours. There are 
a number of factors affecting the time of fermentation. In a well 
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equipped dairy plant everything can be kept under control the per 
centage of starter, the activity of the starter, the incubation tempera 
ture, and the milk that is converted into the cultured product A 
these factors can be adapted to each other in such a way that the mi 
shows the desired acidity after a preset time interval Under village 
conditions this is impossible More often than not, even thermometers 
are not available and the incubation temperature “slides from hig 
to low, therefore, fermentation can proceed rapidly or slowly Once 
the milk reaches the desired acidity, as measured by taste, it shou 
be cooled If cooling is not possible, the acid production progresses 
further, the coagulum becomes firmer and firmer, and finally separa- 
tion of whe> will occur Except for a more sour taste, the product is 
perfectly all right for consumption If facilities for cooling the fer 
mented milk are available, the product has a longer shelf life 

The handling of starters (bactcna cultures) requires a few addi- 
tional remarks Temperature within the range of 20 to 10 C C promotes 
the growth and production of lactic acid, which in tum is responsib e 
for clotting the milk Any sour milk, regardless of its local name, can 
be used to function as a starter If the milk looks gassy, tastes unclean, 
or is otherwise not very palatable, the following cleansing process 
helps in most instances No laboratory is required but a thermometer 
is indispensable Approximately half a liter of the sour milk is heate 
under continuous stirring until it reaches 62°C and is subsequently 
cooled to ambient temperature This exposure to heat kills practically 
all cohforms and most of the pathogens but a portion of the lactic aci 
bacteria survive this procedure During this heat treatment the liquid 
part separates from clotted protein Some of the greenish hqui 
(w ey) should be mixed with an equal amount of boiled milk and then 
kept protected from insects and dust for 24 to 36 hours at a temped 
ture around 30°C Dunng this period the surviving lactic acid bac- 
teria start growing again, turning the milk-whey mixture sour Thjs 
mixture can be used as a starter in place of the sour milk previously 


CHEESE 

Cheese as a Fermented Product 

Iiea offm of ch eesemakmg dates back several thousand years The 

sheen and IT™ ‘° be an Arab ' a " country Pouches made ^ 
sheep and goat skm as well as the true stomach (abomasum) of >ou-« 
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ruminants have served to the present time as receptacles for milk. 
According to the legend, sometime in tire dark history a herdsman 
kept some milk in a pouch of a domesticated animal; the milk curdling 
enzyme, rennet, in the skin of the stomach lining caused coagulation. 
This chemical process is still the fundamental process in making 
traditional cheeses. The other basic process, alone or in combina- 
tion with the milk curdling enzyme, is the lactic acid fermentation. 
Whether the milk is coagulated by rennet or by acid makes no differ- 
ence as both processes cause the curd to shrink and thus promote 
drainage of whey. The expulsion of moisture to the desired level is 
controlled by cutting the curdled milk and applying heat. The basic 
difference between sour milk and fresh cheese is merely one of mois- 
ture content Salt, low acidity, and in certain varieties of cheese low 
moisture content, are the preserving agents. 

Distinctive varieties of cheese have been the result of manufac- 
turing cheese from milk of different mammals, in different localities, 
and under different climatic conditions. And in more modern times 
new types have been developed by altering bacteria cultures and 
manufacturing steps. Inducing and guiding the fermentation on a 
pathway to a natural and appetizing product became an art long be- 
fore the basics of microbiology were known (Figure 17.8). In many 
societies, the art of cheesemaking has been handed down from father 
to son for centuries. The science of cheesemaking, on the other hand, 
is less than a hundred years old. Research elucidated the basic steps — 
curdling the milk, shrinking the coagulum, pressing, salting, and 
ripening the cheese — but did not change them. With the application 
of scientific knowledge in modem factories, defects in the cheese 
can be avoided and products can be standardized. 

Currently the cheesemaker is able to convert milk of moderate or 
even low quality into a product that is palatable and safe for con- 
sumption. In a modern dairy plant with all the sophisticated equip- 
ment, the milk can be freed from pathogens, reduced in bacterial 
count, and deodorized if necessary. The cheese can be cured in mois- 
ture and temperature controlled rooms until it is ready for consump- 
tion. There are no technical problems in operating such a factory suc- 
cessfully under the most adverse conditions, although there may be 
economic problems. If unlimited funds are available, it is easy to 
find someone to launch the project. 

To guarantee continued success, however, a developing scheme 
should be economically sound. If the project is financially attractive 
for the participants and self-supporting at an early stage, cooperation 
is more readily obtained. Thus a modest unit or pilot plant for later 
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FIGURE 17 8 

Zsirpi ihe cheese of the Himalayas is made from sour buttermilk The curd is 
squeezed through the fingers forming a kind of noodle which is dned in the su 
(Courtesy E J S egenthaler) 

expansion may have a better chance of survi\al initially than a bi& 
plant A modest beginning also permits expansion of the program and 
training of the indigenous personnel in the shills required for laH5 e 
operations Starting with a small operation does not mean making 
responsible concessions m quality The product produced must be 
sale for human consumption whatever equipment and facilities are 
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Cheese as a Non-fermented Product 


In many situations the requisites for cheesemaking described are 
not available. This need not deter the manufacture of cheese as a 
certain type, white cheese, can be made without fermentation and 
bacteria cultures. This type of cheese is made in many different parts 
of the world. In Latin America it is called queso blanca. The equip- 
ment requirements are small (Figures 17.9 and 17.10); in fact, utensils 
available in almost any kitchen are suitable. It can also be manufac- 
tured on an industrial scale. Some heating of the milk is required 
however. In general, rennet is the coagulating agent but acid can be 
used. The latter agent is somewhat more difficult to make and has 
other drawbacks which will be described later. The milk can come 
from any source— cows, goats, ewes, camels, llamas, or yaks. Of 
course, the fat content of the initial product will influence the flavor. 
As white cheese is not a ripened (fermented) product, it can be con- 
sumed fresh or can be pickled for storage. 

Rennet is the most important ingredient in the making of white 
cheese. Rennet is sold in the form of tablets, pastes, and liquids. Tab- 
lets are most widely used and are the most practical in a cottage in- 
dustry. Very recently rennet substitutes, which also serve the pur- 
pose, have reached the market. Every manufacturer supplies exact 
information on how to use his product for cheesemaking. The rennets 
of different sources do not deviate much from each other. Most of 
these coagulating agents (enzymes) show a strength of about 1:100,000; 
that is, one part of the agent coagulates 100,000 parts of milk at a tem- 
perature of 32°C in one-half hour. 

The required amount of rennet is dissolved in one part water to 
100 parts milk. The rennet solution is then well mixed into the milk 
that has been brought to between 32 and 35°C. After coagulation has 
taken place (30 to 45 minutes), the curd is broken up with a fork or 
harp-like stirrer. The resulting particles should have a diameter of 
not more than one centimeter. The curd-whey mixture is kept in mo- 
tion by gentle stirring for another half hour. During this time the par- 
ticles increase in firmness. At this stage the cheese is ready for the 
heat treatment. This has a twofold purpose: (1) the destruction of 
pathogens that might be in the milk, and (2) the further contraction of 
the curd particles with the resulting whey expulsion. The temperature 
of the mixture is raised in not less than half an hour to 65°C under 
continuous stirring. After the mixture reaches this temperature, the 
whey is drained. The easiest way to collect the cheese is by running 
curd and whey through a muslin bag. If the cheese is made for eon- 
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figure 17 9 , 

The Nomadic tribes of the Middle 
East use few utensils for cheese 
making The freshly drawn sheep s 
milk is brought to coagulation with a 
rennet tablet The curd is ladled into 
a muslin bag from which excess w e) 
is forced (Courtesy E J SiegenthalerJ 



FIGURE 17 10 

Excess whey may be pressed trom 
the curd by placing the bag contai 
the curd between two boards ana 
applying pressure with a stone 
(Courtesy E J Siegenthaler) 


sumption within a few days a uniform distribution of salt is desirable 
this is accomplished by mixing 0 5 to 1% of salt by weight-cale u 
lated on die volume of milk used-into the crumbly mass This can 
°" a “ at surface or.ua bowl of appropriate size Fifteen min- 
ciml V ‘ lddln>! ,‘ he Salt - thc accumulated whey is expelled Th 
sh ll ,n" ^ read , ab ° ut 5 centimeters thick on cloth and placed on » 
of " board f or a better runoff of the residual whey The side 
I, , ° are f ^cd over to form a flat package The paclrfe " 
7 Mrds ' V ‘ ,h aufticieut pressure to force the cheese 
is alioiit a C °, n lnuoas mass The recommended pressure for press' 
atmut five limes the weight of the cheese Three to five hours la«- r 
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the cheese cake can be unwrapped and cut into squares of the desired 
size. 

If the white, unripened cheese is not consumed within a few 
days, preservation is necessary. This type of cheese has a high con- 
tent of lactose, which makes it particularly susceptible to spoilage. 
There is only one way to preserve it when modem facilities are un- 
available. The cheese squares are placed in a wire basket and im- 
mersed for a few seconds in 85°C water containing 10% salt. Thus 
treated, the chunks can be kept in glass jars or earthenware containers 
under saturated (22%) salt water for many months. These containers 
can be stored at ambient temperature but transparent jars should be 
kept in a dark room. Obviously the pickled cheese has a high salt 
content. By soaking it in fresh, clean water for 12 or more hours — de- 
pending on the size of the pieces— enough salt is removed that even 
children will find the cheese palatable. 

As mentioned earlier, organic acids can be used in place of rennet 
in the manufacture of white cheese. Those most frequently used are 
natural lemon and lime juices, for such products as Italian Mascher- 
pone cheese. A steady supply of food grade organic acids might often 
be a problem in certain areas, particularly if there are currency restric- 
tions on importations and there are no local sources. 

A more detailed description of the principles of cheesemaking in 
the tropics, including detailed information on the application of the 
hydrogen peroxide treatment of milk for cheesemaking, is given by 
Siegenthaler (1268). 

BUTTER AND GHEE 

There is good reason to believe that separating the creamy fraction 
from tire milk dates back to the time when milk from animals began to 
he used for human food. It is also conceivable that the first butter was 
churned accidentally when milk was carried in a skin pouch on a pack 
animal. The churning process has undergone many changes in the 
course of time— from the use of skin bag (Figure 17.11), querling in 
vessels (Figure 17.12), and shaking receptacles with and without 
dashers, to the use of elaborate chums and continuous huttermaking 
equipment. Although a great deal of milk fat is consumed in the warm 
climate areas, more of it is burned in worship and religious rituals 
than is consumed. Fortunately, fat malnutrition is not as evident as are 
diseases resulting from lack of protein. 

In the absence of equipment for centrifugal separation, gravity 
creaming provides the only available means of obtaining cream for 
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FICLRE 17 11 

Butter it often made by Nomadic tribes by thum.ng in bags made from animal tin* 
iCourttsy E J Siegenthaler) 


thum.ng The cream is shimmed off after about 12 hours of standing 
in a shallow pan The milk underneath, or residual product, is ofte" 
comcrtLd into a local sancty of cheese or. in households, the whole 
milk is churned and the remaining buttermilk used for cheesemakmg 
in the warmer regions milk curdles before a substantial cream la) c 
is termed This is most likely the reason for churning sour mill- as 
tin'ent. h ^ “ f ° r lhe prc P aral ">n of ghee on the Indian subcon 

tnr ,!«r r f 0m saur cre um and butter made from sweet cream 

a full, Jn"' S “ lhc t "° ma,n classcs »f this product The former h" 
shelf hf flj 'c° r ' part,cularl > sshtn cultured cream is used, but a shorter 
dtfee CrCa , m * >uttcr * on the other hand, is less subject to 

1-A sa “ rancidity and other objectionable taints Addition « 
saftm- IS T” 5 ‘ Sht talnls and ortends the shelf life Howes'* 
- ‘ S not Practiced all areas because of preferential tastes 
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FIGURE 17.12 

In northern India tribesmen may use wooden ban-els to chum. Agitation by a 
wooden paddle rotated through alternating pulls on a leather strap. (Courtesy E. J. 
Siegenthaler). 


Butter made from spontaneous soured cream is not recommended 
for fresh consumption. In modem factories such cream can be neutral- 
ized, pasteurized, deodorized, cultured, and then converted into an 
acceptable product. Such facilities are usually not available in the 
early stages of dairy development. However, the butterfat of low 
quality milk or cream can still be salvaged for human consumption by 
converting it into ghee. 

As a rule it is better to prevent the occurrence of cream defects 
than to try to correct them afterwards. Smoky flavored milk, cream, 
and butter— widely encountered under primitive conditions — can 
easily be avoided by keeping these products away from open fires. 
Smoke imparts an undesired flavor. Furthermore, such particulate 
matter, as well as soot and dirt, serves as a carrier of microorganisms. 
Cream with a pronounced weed flavor or that with cowy, gassy, 
moldy, or other strong off-odors can be considerably improved by 
washing. This is accomplished by mixing 50% fresh, clean water into 
the cream and reseparating it. The containers used in handling milk 
should be glass, earthenware, or alloys of zinc or iron. Milk, cream, 
and butter should not ordinarily be allowed to stand in copper and 
its alloys (brass and bronze) since they may induce flavor and aroma 
defects. Contamination with decaying wood and polluted or stagnant 
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water is often responsible for rancidity Heating to a temperature o 
75 to 80°C prevents this as well as many other defects The physical 
condition of the butterfat during churning is important Butte 3 
solidifies only if the cream is kept for several hours at low tempera 
tures, i e , close to 10°C, which is also the best churning temperature 
This procedure avoids excessive fat loss in the buttermilk, regulates 
the final moisture content in butter, and ensures a good body an 
texture If possible, preference should be given to the churning o 


sweet cream 

Filling the chum more than half full invariably prolongs the 
churning time and may even prevent butter formation altogether Ine 
churning process takes, under ideal conditions, 30 to 45 minutes, ce 
pending on a number of factors When the butter granules are 3 to 
millimeters in diameter, the butter is washed by draining off the 
buttermilk and adding an equal amount of water After a few more 
rotations of the chum this water is removed Additional washings are 
recommended with off flavored cream, but with every washing some 
of the desired butter flavor is removed as well The final step is then 
squeezing and pressing the butter until it becomes a homogeneous 
mass In modem equipment this is done inside the churn In many 
countries and where only small amounts are to be worked, * kneading 
is still done by hand Air and water pockets in butter not proper y 
worked are potential nuclei of spoilage 

Churning of milk, even in a small scale operation, is uneconom 
ical and impractical in many respects There are numerous types an 
makes of inexpensive manually operated milk centnftiges available, 
which make the separation of milk and cream an easy task On the 
other hand, making butter with equipment developed locally does not 
represent a real problem as long as it is possible to clean it property 
e process of washing and reseparating cream with offfl a '°* 
and oif tastes has been mentioned, but prevention of such defects is 
better than correction This can be accomplished by preserving W e 
cream with hydrogen peroxide Successful experiments in the use ol 
is product were conducted m India by Nambudnpad et al U 95 ~' 
ie proce ure is the same as with milk, mentioned earlier 
the * ! lfe ° f butterfat can be prolonged by farther removing 
U e 17 , Butter °' 1 - clanfi =‘ i b “tter, ghee, and semneh deno e 
t 7 d , ua "'th only m , nor , ocal differences To evaporaW 
„ ,h 1 e but *or is heated to about 120°C When the tempeia'u 


reaches the boiling point 


makes the use of 


3ll the moisture, which 


duuui lzxj wnen uic . 

of water, strong foaming takes place, ' v 1 . 

, rl 1 . . . . r. 01 


oversized pans indispensable After evaporation 


lactose are re *l u,res 3 to 4 hours, the protein and som 

•khtly charred and settle out This reaction impm^ 1 
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flavor component for which ghee and semneh are known and liked. 
After partial cooling the butter oil may be poured into smaller con- 
tainers. 


DRY MILK PRODUCTS 

From the standpoints of utility, convenience, and maximum consump- 
tion, it might be advantageous for countries to concentrate on con- 
denseries and milk powder plants rather than plants for handling 
fluid milk. Where refrigeration is not available, or expensive, milk 
with a long shelf life at ambient temperature is highly desirable. 
People working for wages are usually paid at weekly or other in- 
tervals. Most of the buying for the household is done soon after pay 
is received. If a weekly supply of milk could be purchased at one 
time, it is likely that milk consumption would be higher. 

Unfortunately the provision of milk supplies as dry powder or 
canned condensed milk is not feasible because of the high volume re- 
quired for an efficient plant. Nelson (1954) showed that full utiliza- 
tion of machinery and labor could not be obtained with volumes of 
less than 30,000 liters of fluid milk per day. Because of the amount of 
heat energy required to remove the water, the cost of the end-product 
is high in comparison to that of local fluid raw milk. The high cost of 
processing usually results in a lower price paid to producers than for 
milk sold as fluid milk. Hence, the establishment of centers to produce 
low moisture products is unattractive to producers and governments 
except perhaps as an aid in storing milk supplies. 


OTHER MILK PRODUCTS 

Currently considerable thought is being given to the promotion of 
sterile milk and sterile-flavored milk drinks, ice cream, and any frozen 
product with a milk base to stimulate consumption of milk products. 
It seems that settling out of some of the constituents, coarse or flaky 
texture, or slightly atypical flavor are acceptable as long as the product 
is cold or frozen. The psychology is that people of all income levels 
seem willing to spend money for cold drinks. Oftentimes cheese or 
other milk products will be partially or completely rejected by poorly 
fed people, hut few refuse cold, sweetened products. Furthermore, 
there are no serious technical problems to enriching milk drinks or 
desserts with other proteins. 

Although the potential for chilled milk products may he high for 
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nounced. Gradually all parties concerned will gain experience and 
further steps can then be taken in due course. 

But most important of all, education must precede legislation. A 
health inspector visiting farms and taking milk samples for evaluating 
quality should not stress law enforcement and fines, but should be 
concerned with constructive help. He should try his utmost to assist 
dairy farmers and milk vendors to improve conditions and come for- 
ward with constructive suggestions and recommendations. The back- 
bone of progress and success in any development scheme is collabora^ 
tion and cooperation with the indigenous people, and tin's requires 
also an understanding of their problems. 
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J. R. STOUFFER 

Meat Handling in 
the Warm Climates 


The need for high quality animal protein for human consumption is 
universal. More animals are probably needed to provide the minimum 
daily allowance of animal protein recommended by FAO (20 grams); 
but a greater quantity of animal protein could be made available from 
existing animat stocks if careful attention were given to all aspects 
of meat handling. The preceding chapters dealt with the problems of 
animal health, nutrition, and breeding in the warm climates. This 
chapter is concerned with some of the fundamental considerations in 
producing large quantities of good quality meat and by-products from 
animals. 

The handling of meat and by-products is an important part of any 
livestock development plan, in many countries of the temperate zone, 
investigations are constantly being conducted to determine the most 
appropriate and economical method* for handling meat; hence, proce- 
dutes are constantly changing. Due to numerous limiting factors in 
tbe N-S 30° latitudes, such as suitable technology, resistant cultural 
habits, lack of capital for dev eloping facilities, and unreliable supplies 
of slock, nut much has been done thus far in establishing meat proc* 
cuing Industrie* in much of the legion. International organisations. 
C" g . KAO, WHO. and UNESCO, liave done a great deal to create 
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awareness of the value of meat and meat products prepared under 
hygienic conditions And the International Bank for Reconstruction 
and Development has lent support by providing loans for the con- 
struction of abattoirs to upgrade the meat products But much more 
remains to be accomplished K V L Kesteven, formerly of FAO 
Animal Production and Health Division stated, If we had the means 
for satisfactorily providing hygienic milk and meat our goal of 20 
grams of animal protein for nearly all people could easily be attained 
by the mid 1970’s This would not only enhance human health but 
would represent the greatest stimulus to animal producers by provid- 
ing needed incentives for efficient animal production (FAO, 1968) 
The case may be overstated, but the points are well taken, adequate 
processing of animal products is extremely important to both pro- 
ducers and consumers 


CHARACTERISTICS OF MEAT 

Any living organism is a complex functioning system of processes 
which work together to support the organism When an organism 
stops living, nature causes most of the systems to degrade or break 
down the formerly living organism so that all of the nutrients are 
available for other forms of life As we examine the preparation of 
meat for human consumption, we ought to be aware that following 
slaughter there are chemical, enzymatic, and physical degradations 
or breakdowns of the carcass and its components that take place al- 
most immediately Several of these changes are beneficial for the pro- 
duction of palatable and tempting products, while others result in 
degradation defined as spoilage 

Only in recent years have the mechanisms of degradation and 
spoilage been clearly defined Even in well equipped units for han- 
dling both fresh and preserved meat products, the problems asso- 
ciated with degradation have not been completely solved The eco- 
nomic losses resulting from inability to control all factors leading to 
spoilage have been staggering Because temperature is an important 
factor m spoilage, it is readily apparent that degradation will be even 
more difficult to prevent in the warmer regions 

The animal is normally bled after stunning This brings about an 
immediate change in the systems within the animal The lack of oxy- 
gen available to the tissues results in the formation of lactic acid as 
* wfi Product of the conversion of the glycogen in the tissues The 
pH of living tissue is neutral, but the buildup of lactic acid shifts it to 
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the acid side. The rise in acidity and the use of energy involved bring 
about the condition known as rigor mortis. The onset of rigor mortis 
occurs 2 to 4 hours after slaughter. This is the period of least tender- 
ness in the carcass; tenderness will improve gradually with aging 
through auto lysis. 

Autolysis is the process whereby enzymes and chemical reactions 
break down the protein structure in connective tissues and muscles 
to produce a more tender and palatable meat. In the U.S. it is common 
practice to hold meat under refrigeration at 1°C for 10 to 20 days to 
allow autolysis to take place. Aging at this temperature controls the 
rate of autolysis and minimizes the danger of spoilage. Some autolysis 
occurs at 10°C or higher but generally actions of microorganisms 
proceed so rapidly that spoilage occurs before tenderness is improved. 
Aging darkens the color of the meat. Dark colored meat is acceptable 
in countries like the U.S., but it is not marketable in most tropical 
areas because of the association of the color with spoilage. Besides, 
the expensive facilities needed for aging add to overhead costs for a 
meat industry. 

Another important factor is the microbiological characteristics of 
meat. Meat is highly susceptible to invasion by microorganisms. Ex- 
ternal contamination is a constant possibility from the moment of 
bleeding until consumption. Most microorganisms that thrive on meat 
produce discoloration and undesirable odors and flavor. It is fortunate 
that meat does not support pathogenic microorganisms under ordinary 
conditions. 

The points made about changes in meat following slaughter apply 
most appropriately to carcasses of cattle, but pork, lamb, poultry, and 
fish are also susceptible to rapid deterioration unless placed under 
low temperatures. 

Since the formation of lactic acid in the muscle tissue depends 
upon the level of glycogen in the tissues before slaughter, antemortem 
handling of animals is important to meat quality. Rough handling of an 
animal or placing it under any stress prior to slaughter lowers the 
glycogen level. The below average glycogen in the excited animal 
leads to a delayed onset of rigor mortis. Moreover, the meat darkens 
in color very rapidly and it has poor keeping qualities because acidity 
is rather high (pH 6.5-7.0). Recognition of the influence of antemor- 
tem animal treatment on the quality of meat is not new. The pirate 
Dan DeFoe recorded in his diary in 1720 that cattle that his raiding 
party hunted and fatigued would not keep even when salted. 

Clearly, meat is a highly perishable product that requires care- 
ful handling at all stages. Where ambient temperatures are warm to 
hot, sanitation conditions are primitive, facilities for keeping animals 
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before slaughter are poor or non-existent and a means for chilling tile 
carcasses immediately after slaughter is lacking, major problems in 
providing good quality meat anse 


SLAUGHTER FACILITIES 

Before sites are planned and established for slaughter facilities, 
surveys ought to be made to determine such things as size, availability 
of animals, water supplies, and conditions of the meat that will be 
accepted m the projected market If the market does not accept 
chilled meat, for example, cold storage facilities will not be practical 
Planning for processing meat is discussed at length by Mann (1962, 
1963), as well as by Albertsen et al (1967) and Burdette and Abbott 
(1965) 

As recommended m Chapter 17 for milk plants, the establishment 
of large processing units is not generally warranted in the initial 
stages of development A policy of progress by stages raises least dif- 
ficulties Development of the plant in stages has the disadvantages of 
taking longer to reach a high level of efficiency and overall cost of 
installations and equipment, but these are outweighed by the advan- 
tages of getting started sooner with a lower cost outlay and having 
time for training sufficient personnel 

A clean place to slaughter is important for the production of meat 
with good keeping qualities and for the most efficient utilization of the 
animal and its by-products Whether the slaughtering place is a simple 
slab or a large abattoir, it should offer facilities for humane slaughter 
and efficient meat handling Whether meat handling facilities are 
extensive or unsophisticated the two basic considerations are to keep 
the meat clean and to remove as much of the animal heat as possible 
Oftentimes slaughtering takes place in remote rural areas This 
is likely to occur where there is a small village and a limited number 
of stock available for slaughter There are few if any, facilities set 
aside specifically for the slaughter process The minimum facilities 
should include a slab or hard surface floor that can be flushed and kept 
clean It is also advisable to have a method for hoisting the carcass 
during slaughter This makes possible a more thorough job of bleed 
mg and aids in the physical handling of the carcass during slaughter 
Where a hoist or gantry hoist is not available, the hide or skin of the 
animal is ordinarily used as a dry area for dressing of the animal When 
the animal is felled for bleeding it is kept on its back and as the hide 
is removed it is spread out in order to protect the carcass from dirty 
areas around the dressing operation Care should be taken to mini- 




figure 18.1 

Slaughter slab established near a small village in northern Nigeria for hygenic 
slaughtering. The slab provides a means of collecting blood and reducing 
contamination of hide and viscera. (Courtesy J. K. Loosli, Cornell University). 


mize contaminating the hide as its value can be greatly reduced 
through negligence. It is important to have water available for flush- 
ing the area and keeping the operator and the carcasses clean. Mann 
(1963) provides very explicit guidelines on construction and needs 
for both simple and complex facilities. 

Figure 18.1 illustrates a satisfactory slaughter slab in a rural area 
°f Nigeria. The lack of much direct light in the photograph indicates 
that the slaughtering is being done in the early morning hours in order 
to take advantage of the cooler temperature and to get the carcass into 
the market for sale the same day. 

The basic difference between the slaughter slab and the small 
slaughterhouse is that the latter has a roof and is enclosed on all 
sides to improve control of insects and human traffic that is not directly 
en &aged with the slaughtering (Mann, 1963). 

A public hall for slaughtering is often available in larger popu* 
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iation centers Such a house would probably contain all of the basic 
requirements for slaughter pens and some additional refinements. 
The most important consideration is that the facilities be kept clean 
and properly maintained for subsequent use of different individuals 
and for various species of livestock More frequently, complete 
modem slaughter accommodations, including refrigeration, are being 
constructed in areas of large slaughter operations in many parts of 
the tropics These are operated in much the same way as plants in 
the temperate regions Such facilities minimize problems during 
slaughter, and refrigeration aids in quality However, the extensive 
investment cannot always be justified on an economic basis 

Where water is scarce or unsafe, the best meat can be turned out 
by “dry slaughter ” The slaughter area must be clean and dry when 
the operation starts A hoist is necessary, otherwise, dangers of con- 
tamination will be high The animal is worked on hanging from the 
hind leg on the hoist for bleeding, most of the skinning, and splitting 
After stunning, sheep and goats may be worked from a hoisted posi- 
tion Without water available special care must be exercised during 
evisceration to avoid puncture of intestines, gall bladder, or urinary 
bladder 

Slaughter is much easier with water available Large quantities 
of water are needed for animals awaiting slaughter, for flushing the 
carcass, for cleaning edible parts— e g , the intestines — and cleaning 
hides or skins, and for general sanitation It is, of course, desirable to 
have ample supplies of clean hot and cold water under pressure 
throughout the slaughterhouse, but this is frequently not practical 
A major problem of providing water is obtaining the equipment 
needed to bring it from a satisfactory source to the killing floor For 
a source to be satisfactory, it must supply potable water If only con- 
taminated water is available, dry slaughter is recommended, followed 
by cleaning of equipment with water that has been heated and then 
allowing the slab and equipment to dry in the sun between each day’s 
kill Rain water is ideal and every effort should be made to collect it 
and store it for the slaughter operation The use of sea water is not 
recommended as it imparts a fishy” taste to meat 

Dry slaughter may be used for swine In this process the hair is 
removed by singeing (Figure 18 2), followed by scraping the skin 
with a knife The “wet method” is more universally practiced Al- 
though the hair may b^ removed by wetting and scraping, as shown in 
Figure 18 3, scalding to loosen the hair is recommended This means 
that where pigs are to be slaughtered, there should be included a 
tonk large enough for’ submerging at least half the pig at one time 

rovision must also he made for either direct heating of the water 
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FIGURE 18.2 

After the pig has been killed and bled, it is common practice in rural areas 
of the Philippines to remove the hair by singeing, followed by scraping. 
(Courtesy J. K, Loosli, Cornell University). 


in the tank or piping it to the scalding tank from elsewhere. (A pig 
ought to be submerged in water 60-62°C for 3 to 6 minutes to loosen 
the hair.) 

In many countries poultry are slaughtered principally on the farm, 
where sanitation standards are ordinarily low. Antemortem care, 
cleanliness, proper bleeding, and handling of poultry is as important 
ns for livestock; therefore, in planning slaughter facilities provision 
should be made for poultry. A small room with a door leading to the 
outside is desirable, instead of a comer of the slaughterhouse, is rec- 
ommended because considerable struggling takes place, which leads 
to contamination of the slaughterhouse, equipment, and livestock 
carcasses nearby. 

All accommodations for slaughter, irrespective of size, must be 
functional, simple, durable, reasonable in cost, and capable of expan- 
sion without interfering with operations. Where the standards of 
butchers and meat handlers are low, structures and equipment need 



636 


HANDLING OF MILK AND MEAT PRODUCTS 



FIGURE 18 3 

Hair may be removed from a pig by continuous witting and scraping 
with a knife although this requires more effort and time than scalding 
(Courtesy J K Loosli Cornell University) 


to be simple m order that svorkers may be able to use them without 
having to acquire skills beyond their capacity With respect to planning 
facilities, cultural and religious practices should also he borne in 
mind (Mann, 1963) For instance, in Moslem countries, slaughtering 
of swine may not be permitted on tire same premises as slaughtering 
of other species Islamic law requires that animals killed for food 
should be slaughtered so that the blood flows out completely This 
means a hoist of some sort would be mandatory 

Mobile field abattoirs have been tried in Kenya and elsewhere 
for use where livestock are widely scattered and in areas distant 
from markets It has also been recommended that mobile units would 
make the harvest of game animals more practical Success has been 
limited because the areas they would best serve are a long distance 
from markets, which means the field units need to incorporate proc- 
essing facilities for canning or drying But this makes them too cum- 
bersome for adequate mobility Fresh meat could be moved out by 
air but this is usually at a higher cost than can be tolerated The Kenya 
Veterinary Department has found that construction of low cost sta- 
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tionary field abattoirs in various locations is more practical. Opera- 
tion time is rotated in order that supervisory personnel and inspectors 
can oversee a number of these. 


MEAT HANDLING REGULATIONS 

For protection of both producer and consumer, slaughtering should be 
regulated. It is generally recommended that slaughtering facilities 
not be privately owned, especially where there is not a high regard 
for sanitation. Public control permits designation of location, as well 
as an opportunity to control sanitation. If public ownership is properly 
exercised, it has numerous advantages, including (1) insurance that a 
slaughterhouse is located a reasonable distance from human habita- 
tion; (2) regulation of water supplies and disposal of offal; (3) permits 
services to livestockmen at low cost to attract them to slaughterhouses; 
(4) assurance of humane treatment of animals before and during the 
killing process; and (5) serve as a partial means of providing a more 
uniform flow of meat to markets. 

If publicly owned slaughterhouses cannot be provided, an organ- 
ized system of licensing is necessary for adequate control of slaughter- 
ing. Licensing is usually managed by local or central government 
authorities who issue licenses for premises, butchers, and other 
workers. If the premises or applicants are found to be unsatisfactory, 
the original licenses may be withdrawn or renewal licenses refused. 
It should be made a legal offense to utilize a place for slaughtering 
animals of any kind unless minimum requirements for sanitation are 
recognized with an official license. Similarly, licenses issued to butch- 
ers and other workers should be voided if unhygienic or illegal prac- 
tices occur. The best practices are to have licenses effective for not 
more than a year and renewals made only after a certification by a 
qualified authority that sanitary conditions are satisfactory. Of course, 
to insure compliance, health authorities should make unannounced 
visits to slaughter premises and the public should be continuously 
advised to purchase meat only from approved operations. 

For purposes of meat inspection, it is desirable that hours of 
slaughter be regulated in order that ante- and postmortem examina- 
tions can be carried out by a responsible inspector (Albertsen at al., 
1967). The responsibility for meat inspection lies with the local au- 
thorities or with a branch of the central government. Preferably codes 
should be designed to suit the community, taking into account food 
Preferences and religious customs. Inspection should be progres- 
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sively intensified as circumstances warrant If regulations are too re- 
strictive at the outset, problems of enforcement may defeat any prog- 
ress being attained Nonetheless, certain standards should accompany 
the opening of any new slaughterhouse 

Normally meat inspection covers not only the routine examina- 
tion of internal organs, lymph nodes, and muscle tissue, but also in- 
spection of the sanitary state of the slaughterhouse and staff and the 
disposal of waste The instruction of butchers and handlers of meat in 
hygiene is frequently among the duties of the inspector 

Regulation of slaughtering assists too in animal production If 
records are kept of origin of livestock, suspected disease problems 
can be traced and control measures exercised more readily than m 
unregulated situations 

Concurrently with the establishment of new facilities and regula- 
tions, vigorous publicity campaigns must be waged within the area 
The attitude of the local people determines the success of meat han- 
dling regulations Would-be consumers should be encouraged to buy 
only products produced at the new unit, otherwise, “black marketing” 
will undermine the whole program Local authorities can also render 
valuable assistance in assembling animals — resting and feeding ani- 
mals for several days or more represents an example 


PRESLAUGHTER HANDLING 
OF ANIMALS 

Plans for construction of slaughterhouses and their operation ought 
to include provisions for humane slaughtering According to Mann 
(1963), humane slaughtering is no more expensive than methods in- 
volving some degree of cruelty Proper procedures should begin when 
the animal enters the slaughterhouse area From the moment the ani- 
mal enters the area until it is bled, it should not be allowed to suffer 
from heat stress, fatigue, or abuse, and should be kept apart from 
carcasses or offal 

Drinking water ought to be available in the "holding yard" as 
animals deprived of water lose weight rapidly, thirsty animals be- 
come restless, and adequate watering keeps feces wet, which helps 
remove much of the intestinal contents before slaughter The hide is 
more difficult to remove from animals that have been deprived of 
water Animals should be fasted for 12-16 hours before slaughter to 
reduce the amount of undigested food and feces in the intestines 
Fasting also improves the quality of the meat and reduces nsks of 
contamination of the carcass by puncture during evisceration Besting 
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animals in a “holding yard” allows them to become accustomed to 
their surroundings, which in turn reduces excitement 

If some animals are to be held more than 24 hours, a second hold- 
ing pen is needed as those waiting more than 24 hours should have 
light feeding. This is more important for pigs than ruminants. If pigs 
are deprived of feed and water for more than 24 hours they may be 
unsuitable for the production of sausages or ham (Mann, 1962). 

From the holding yard or pen, the animal should move through a 
chute narrow enough to prevent turning around. This should feed into 
a stunning pen. A stunning pen is recommended. It may be about 2.25 
meters in length and 1 meter wide. Here the animal is rendered un- 
conscious before being bled. A knocking hammer can be used for 
stunning by an operator standing above the pen. However, unless the 
operator is experienced, a captive bolt pistol is recommended for best 
humane slaughter although its initial cost is higher. A captive bolt 
pistol is placed against the animal's forehead by an operator standing 
above the pen or behind an opening. When the pistol is fired, the ani- 
mal is stunned by a steel bolt piercing the skull and damaging the 
brain. 

If a stunning pen is not possible, a ring emplaced in the floor of 
the slaughterhouse may be used to secure the animal’s head, and 
thus insure accuracy of the blow for stunning. The ring ought to be 
located where the animal does not see carcasses and where the floor 
is not slippery. 

Cruelty in the slaughter of pigs, sheep, goats, and calves can be 
prevented by the use of a special stunning pen separated from the 
sticking and bleeding pen. Stunning may be carried out with the 
same hammer or pistol used for cattle, but the use of electricity for 
stunning these species has become the recommended practice. Elec- 
tricity is applied with a pair of tongs. For pigs, the tongs are applied 
immediately below the ears for 6-10 seconds with a current of 60-70 
volts. The time and voltage is similar for calves and sheep but the 
tongs are applied between the eye and the ear (Mann, 1963). 

The requisites for satisfactory stunning are (1) quick rendering of 
unconsciousness without abuse or mutilation; and (2) the prolongation 
of unconsciousness until the animal has bled out. Death should come 
instantaneously and without visible preparation to the animal. Cruelty 
may arise due to ignorance of animal behavior. Sticking a knife into 
the altanto-occipital space causes motor paralysis, but does not destroy 
the senses; hence, the animal is still fully conscious even though un- 
able to move. Spearing a beast, as practiced in areas of Africa, is cruel 
and dangerous, and results in bruises on the carcass, meat with poor 
keeping quality, and renders the hide almost useless. 
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Like other species, poultry must be carefully handled before 
slaughter They need to be rested in a cool place and have access to 
water, but no food for at least 12 hours Late feeding prevents good 
bleeding and makes the intestines tear easily during evisceration 


SLAUGHTERING 

A part of humane slaughter is to bleed the animal out as rapidly as 
possible after stunning Following stunning, the animal should be 
shackled, hoisted to a bleeding rail and bled Sticking is done with a 
knife about 16 cm long very shortly after stunning The sooner, the 
better, as. the rate q£ the heart beat and blood pressure are high im- 
mediately after stunning thereby assisting bleeding Cattle are best 
bled in the hoisted position after cutting the hide under the throat 
where the vena cava, jugular veins, and carotid arteries are situated 
Sheep and goats are stuck behind the j*w just below the ear, but for 
pigs, an incision is made approximately 5 cm above the breastbone on 
the front of the neck and the knife thrtfst toward the entrance to the 
chest, cutting the carotid arteries and jugular veins 

Skinning, or scalding in the case of swine, follows bleeding, then 
conies removal of the viscera Unless the carcass is to be moved to 
market as a whole unit, it is split down the spine while hanging, then 
washed, trimmed, and inspected Excellent guidelines on step-by- 
step recommended slaughtering steps for cattle, sheep, goats, pigs, 
and poultry are given by Mann (1963) 

Often the offal, comprised of tnpe, guts, blood, and feet, is con- 
sidered the “fifth quarter ” The offal is usually sold for consumption, 
although it is sometimes used m lieu of wages to workers If the offal 
is to be consumed, its cleaning, processing, and inspection for dis- 
eased parts should receive as close attention in preparation as the 
carcass 

Even though cutting off the head with a knife or ax is widely 
practiced for killing poultry, it is not recommended for slaughter- 
houses The preferred method is stunning with a blow on the back of 
the head with a hard object or holding the head with the thumb and 
forefinger to force the mouth open After the blow or forced opening 
of the mouth, a sticking knife is inserted into the mouth with the sharp 
edge downward and pressing toward the base of the skull In this way 
the veins can be severed 

Feathers can be plucked by either wet or dry methods For wet 
plucking a small scalding tank with water at about 54°C is needed 
Scalding time is about 30 seconds If dry plucking is used, the nerve 



MEAT HANDLING 


641 


center controlling the feather muscles must be destroyed. This may be 
done by inserting a sticking knife into the cleft in the roof of the mouth 
toward the brain and on reaching the hind brain the knife is turned 
left and right. 

It is recommended that poultry be hung up for bleeding and a 
bleeding cup used to aid in cleanliness and to avoid bruising, which 
occurs if the bird is allowed to thrash about on the floor. 


CARCASSES AND BY-PRODUCTS 

The carcass of a slaughtered animal is that portion of the major skele- 
tal muscle mass which is associated with the skeleton as separated 
from the offal and by-products during the slaughter operation. After 
completion of the dressing operation the carcass should be cooled 
insofar as possible. Chilling soon after slaughter greatly enhances its 
keeping quality. It is desirable that the carcass be kept at around I°C 
until it is ready to be broken down into smaller cuts for distribution. 
If the market will accept “aged meat/’ tire carcass will be ready to 
market 7-10 days post mortem. Unless the carcass has a fair amount of 
external fat, there is little to be gained from keeping the carcass under 
refrigeration beyond one week after slaughter. 

Even though the meat may be consumed within 24 hours after 
slaughter, lowering the internal carcass temperature is important. 
Where refrigeration is not available, slaughtering late in the evening 
or before 7:00 A.M. is recommended to take advantage of the cooler 
night temperature to remove some of the heat from the carcass. In 
determining the safe slaughter-consumption time, it should be kept in 
mind that a safe keeping period between temperatures of 5 and I0°C 
is no more than 3 to 4 days. If the carcass temperature exceeds 10°C 
the safe keeping period is no more than 36 to 48 hours. When carcass 
temperature is scarcely lowered below body temperature, keeping 
time is less than 36 hours (Albertsen et al., 1967); therefore, it is nec- 
essary to sell the day of slaughter. There will be considerable sacrifice 
m tenderness of meat handled in this way but nutritive value will not 
be impaired. 

Meat from bulls has the longest keeping quality and pork the 
shortest, with that of steers, cows, calves, sheep, and goats intermedi- 
ate. Meat from healthy animals will keep longer than meat from dis- 
eased ones. Meat from bruised or improperly bled animals and that 
contaminated by feces during evisceration or by dirt from the hide 
tends to have a shorter safe time than noncontaminated meat. 

An intact carcass is less liable to damage by microorganisms than 
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one that has been cut up A dry external surface prevents the multi- 
plication of microorganisms, thus if the carcass is not to be chilled, 
quick drying prolongs its keeping 

If the edible portions of the offal are properly cleaned, their keep- 
ing quality is approximately the same as for the carcass 

Hides and skins represent important by products if properly 
treated There are a few basic factors that contribute to the value of 
the hides An injury to the live animal can damage the hide Flaying 
or skinning requires skill to prevent cuts, which lessen the value 
Poor bleeding leaves blood in the hide, thereby reducing keeping 
quality The hide should be thoroughly fleshed and dried as early as 
possible to prevent deterioration The animal heat should be allowed 
to escape before salt is applied (Aten, et al , 1966) 

It is possible to air dry hides by hanging them in the air in a warm 
dry area Hides should not be placed on the ground for drying be- 
cause enough moisture will be trapped underneath to lower keeping 
quality In humid areas, drying of hides is accomplished by sprinkling 
salt on the flesh surface Salt should be applied at the rate of one unit 
of salt to an equivalent weight of hide (FAO, 1966) If the volume of 
hides is large, it is possible to use a pickling process, in which the salt 
is put into solution This requires equipment to keep the hides mov- 
ing in order to get adequate penetration of the salt Sometimes it is 
advantageous to remove the hair by a flaking or liming process before 
pickling This will depend upon the ultimate use of the hide The 
main point to keep in mind is that hides and skins have properties 
similar to those of meat, hence the same careful consideration needs 
to be given them to insure maximum yield 

Fresh killed poultry needs quick chilling to preserve quality If 
refrigeration is not available, chilling may be accomplished by im- 
mersion in cold water Following chilling the carcass should be thor- 
oughly dried as soon as possible Preparation of poultry depends on 
market demand For some markets only the feathers are removed, 
while other require poultry that is partly dressed (only intestines re- 
moved) or fully dressed for cooking (eviscerated and head and feet 
removed) Undrawn carcasses tend to keep better than fully dressed 
ones unless the latter are frozen 

In all species, irrespective of condition at the time of slaughter, 
there is an accumulation of fat on the external and internal surfaces 
of the carcass Some markets will accept the fat associated with the 
cut of the meat In others, such as m Iran and Iraq, the fatty tissue 
will sell for more than the lean But in many markets excess fatty 
tissue is rejected Especially for the latter markets, fat becomes an 
important b> product of meat preparation In order for the fat to be 
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useful, it must be separated from the fatty tissue. The process is gen- 
erally referred to as rendering. Fat is ordinarily rendered in process- 
ing plants by one of three methods — open kettle rendering, steam 
rendering, or dry rendering. 

Space will not permit description of handling fat. Suffice it to say 
that incorporation of means for processing fatty tissues into the slaugh- 
terhouse should be carefully considered since the salvage of fat re- 
duces problems of waste disposal as well as helping to make the most 
efficient utilization of the entire animal. Since fat decomposes rapidly, 
particularly under warm temperatures, it should be handled as care- 
fully as the lean meat and offal; otherwise, the resulting product will 
have little or no value. Recommendations on equipment and process- 
ing of fat and fat products are described by Mann (1963) and several 
of tire other references. 


PRESERVATION OF MEAT 

The four processes in widest use for preservation of meat are (1) dry- 
ing (including smoking), (2) curing, (3) canning, and (4) refrigeration. 
More recently attention has been given to use of radiation and mi- 
crobial inhibitors — e.g., carbon dioxide and antibiotics. Drying and 
curing were probably practiced before recorded history, but chilling 
and heating came along much later. 


Drying 

The World War II era saw the beginning of commercial dehydration 
of meat. Several types of driers have been used, such as cabinet or 
batch, tunnel, conveyor, rotary, and vacuum driers. All require so- 
phisticated equipment and precision control of temperature and 
humidity. Today, both raw and cooked meat are prepared for storage 
by one of these methods, but air drying continues as a practice in 
remote areas. Drying is the cheapest and most effective method of 

preservation. 

Biltong is the common name for dried meat in South Africa (Mit- 
tendorf and Wilson, 1961). The process of making biltong is simple, 
a nd therefore it affords a good means of preserving meat in excess of 
consumption requirements when refrigeration is not available. 
Weather conditions are important in the preparation of biltong; meat 
can be dried only during hot weather. In a humid climate success 
w dl not always be attained as mold and mildew may cause such dete- 
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notation before drymg is completed that the product will spoil or be 

unpalatable Ante and postmortem care is essential for the produc- 
tion of biltong with high keeping qualities The carcass should be 
hung to cool before being cut up In cutting up the carcass, the aim is 
to produce long strips of muscles of near equal thickness Care should 
be taken to cut the muscles lengthwise The best thickness of the 
strips is no more than 10 to 2 5 cm 2 After cutting, the strips are 
rubbed with salt on all surfaces before hanging to dry or they may be 
covered with a layer of salt and left over night before hanging in the 
sun Hanging is ordinarily done with galvanized wire hooks sus- 
pended on a line between posts The time needed for drying depends 
upon the size of the stnps and the weather conditions Kidneys, livers 
and lungs should not be dned, however, hearts and tongues dry well 
if cut thin and well salted Good biltong can be made with the least 
equipment of any processed meat 

Charqui is a dry salted meat, which can be prepared using larger 
cuts and in more humid areas The meat is first preserved by salting 
and then by drying The fresh, unchilled raw meat is cut into chunks 
not more than 5 cm thick and weighing no more than 1 5 to 2 0 kg 
The pieces are hung on small “S’* hooks m the shade for about an 
hour to cool, followed by submerging in a saturated salt solution for 
an hour Upon removal from the solution, the meat is laid on slats 
above the tank to drain The meat is then cured on a sloping platform 
where alternate layers of salt and meat are piled up to about 1 meter 
The following day, the pile is rotated top to bottom The process is 
repeated for 5 consecutive days with fresh salt used each time The 
best charqui is made by drying under shade rather than direct sun 
light Shade drying keeps the temperature low enough that the fat 
does not melt Charqui has good keeping qualities and is more resist- 
ant to infestation of beetles and attacks by molds than biltong, due to a 
higher residual fat content Whether to prepare biltong or charqui 
depends upon climatic conditions, type of meat available, availability 
of salt, and tastes The nutritional value of biltong is slightly superior 
as it has a higher protein content and more B vitamins In general, 
people accustomed to dried salt fish will prefer charqui, while those 
used to fresh meat accept biltong more readily (Mann, 1962) 

Dned meat contains 3 25 times more protein than an equal weight 
of fresh meat If properly protected from insects and moisture, dried 
meat can be kept for one year or longer It has versatility in use After 
soaking in water, it resembles and can be treated as fresh meat It is 
even palatable raw Drying does not appreciably lower mineral con- 
tent and most of the vitamins are retained 
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The disadvantages are that dried meat is subject to spoilage from 
exposure to air and light, which cause rancidity of the fat. High humid- 
ity or melting leads to decomposition; and attacks by insects are a 
continuous hazard. 


Smoking 

Smoking is a good means of meat preservation and adds flavoring. It 
can be done in combination with drying and curing or as a separate 
method. Smoking can be successful in either dry or humid conditions. 
The simplest method is to hang slices of meat over an open fire, but 
in general preparation of good smoked meat is somewhat more com- 
plicated. Keeping qualities are best achieved by a combination of 
curing and smoking. In large processing plants, smoking is scien- 
tifically controlled by partial cooking and adds flavor, principally for 
pork. Suggested plans for construction and operation of facilities for 
smoking are described by Mann (1963). 


Canning 


Canned meats are likewise an important commodity in many coun- 
tries and should become more prevalent to insure best efficiency in 
distribution of meat. Heat sterilization (canning) is done by sealing 
the product in a container and then applying heat so that micro- 
organisms are destroyed. Canning requires special equipment, well 
trained staff, and accurate control throughout the whole process. 
When properly done, it is the safest method of preservation. But the 
high cost of preparation will not make it practical for as full use of by- 


products as in the ffesh state. 

Satisfactory canning has a number of requirements: (1) the cans 
must be of high grade; (2) the can-closing machine must be main- 
tained in accurate adjustment; (3) the raw material must he of good 
quality; (4) careful control of heating is required; (5) the cans require 
proper cooling after heat treatment; and (6) routine laboratory checks 
are necessary for quality control. 

Unless all these requirements can be met, canning should not 
he undertaken. It is not recommended for most rural conditions. 
Nevertheless, when the technical requirements can be met, it is a very 
satisfactory means of handling meat 
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Cunng 

Curing is basically the preserving of meat by means of cunng agents, 
such as salt, sugar, vinegar or all three Curing agents are harmless 
bactenal inhibitors in high concentration, which do not kill micro- 
organisms but inhibit their multiplication by making water unavail- 
able to them Cunng also ennches flavor, enhances color, and im- 
proves tenderness In places where it is not possible to have refrigera- 
tion, a partial cure can be achieved to extend the commercial life of 
meat for a short time Cunng can also be used as a preliminary treat- 
ment to meat pnor to drying, dry salting, or smoking The highest 
temperature at which cunng can be successfully done is approxi- 
mately IO c C Probably the only way to cure meat m hot climates, 
without refrigeration, is to cany out cunng and storage below ground 
level 

Bengal saltpeter (KN0 3 ) or Chile saltpeter (NaN0 3 ) and spices 
are frequently added to the cures Saltpeter is a mild preservative but 
it mainly improves color, especially in pork Spices are mainly for 
flavor Vinegar also improves flavor and serves as a bactenal inhibitor 

Cunng may be done m several ways The term dry cure is ap- 
plied when the ingredients are used in dry form and rubbed into the 
meat Dry cures are of two types— shelf cure and box cure Shelf cur- 
ing is used especially for pork hams It consists of rubbing the meat 
penodically with salt and keeping the hams on shelves in a cool room 
Box cunng is earned out in water tight boxes It is used pnncipally 
for cunng pieces of pork and beef After being well rubbed with cure, 
the meat is packed tightly in a box and covered with wooden planks, 
which are pressed down with stones The pressure bnngs the fluid 
out of the meat and tends to produce a solution of its own 

Cunng can be speeded up by using pickles or bnnes, which are 
simply dry cures dissolved m water The pickle or bnne cure has the 
advantage that the meat can be put into the solution without prelimi- 
nary treatment Still, bacon and hams are usually subjected to a pre- 
liminary injection of bnne to minimize internal spoilage The cunng 
process is completed when the cunng matenals have penetrated 
evenly to the center of the meat The time required vanes depending 
upon the thickness of the meat, type of cure, strength of bnne, and 
temperature conditions For dry cunng, the average penetration is 
1 2 cm of thickness of meat per week Although dry cunng takes 
longer, the keeping quality of the finished product is greater 

Like drying, cunng requires little equipment and can be earned 
out almost anywhere if minimum ambient temperature conditions are 
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met. Curing also has the advantage that meat infested with trichinae 
or cysticerci can be safely used for human consumption after proper 
curing. 


Refrigeration 


Mechanical refrigeration is used to store and improve quality of much 
of the world’s meat supply. It has made possible a tremendous trade 
between countries and represents great economic significance to the 
export economies of New Zealand, Australia, and other areas. 

Although the primary aim of refrigerating meat is protection 
against spoilage, refrigeration also serves as protection against other 
forms of meat deterioration, such as oxidation of fat and adverse 
changes in color of the superficial tissues; and as pointed out earlier, 
it provides a means of improving tenderness through aging. 

In order to obtain rapid cooling and at the same time restrict loss 
of weight, it is necessary to have a large refrigeration capacity and a 
rapid and uniform flow of cold air flowing through the cooling rooin. 
This makes the costs of construction and operation prohibitively 
high, except for larger meat marketing centers. 

Preservation of meat in frozen form has gained rapid acceptance 
in the U.S. but remains in little use in tropical areas except where 
meat is imported in this form. 'With the rapid expansion of urban cen- 
ters in all countries, no doubt refrigeration for short time storage and 
freezing will become much more widely practiced. The availability 
of capital for facilities and suitable personnel or operators and the 
speed with which consumers will accept meat more than a few hours 
after killing will largely determine how rapidly refrigeration becomes 
accepted in the N-S 30° region. In some situations the use of microbial 
inhibitors or radiation may play a more important role than refrigera- 
tion; however, more technology is required. 


In brief, it is important to remember in handling perishable ani- 
mal products that the first concerns are cleanliness and a safe, health* 
ful product until consumed. Through inauguration of improved han- 
dling procedures, it will be possible to more nearly optimize effi- 
ciency of meat production. However, changes will come slowly. Thosa 
from outside who contemplate assi* changes should bear in 

mind that many of the operation/' ( j ),m simple and obvious in 
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temperate zones will be more difficult in tropical climates with un- 
skilled labor Persons accustomed to an easy flow of slaughter opera- 
tions, means of protecting meat from vectors, ample water, and trained 
personnel will find themselves in a hostile environment The arts of 
improvising equipment and facilities, training of personnel, and 
fitting improved techniques into existing local cultural and religious 
patterns will be important for success 
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Developing Livestock 
Programs 


The previous chapters have dealt with some of the major problems 
of livestock production in the warm climates, together with possible 
applications of technology. The progress over the last two decades 
in the expansion of livestock industries has been slow — not only be- 
cause of the problems outlined in the previous chapters, but also be- 
cause of the failure on the part of those concerned with development 
of livestock programs to fully appreciate the significance of all the 
factors that must be considered in order to bring about progressive 
livestock industries. Seemingly training of personnel for planning of 
well rounded programs for livestock development has been over- 
looked by those going as technicians from the temperate zones and 
certainly it has been neglected in the university training programs in 
the U.S. and elsewhere for students from the warm climates. The en- 
suing discussion is intended to create an awareness of the value of 
planning various aspects of programs, the importance of planning in 
the successful application of improved technology, and the role of 
economics in organization of resources. 



19 


Developing Livestock 
Programs 


The 

0 p llv Previous chapters have dealt with some of the major problems 
a , Vestoc h Production in the warm climates, together with possible 
m tt, ,Catl ° nS technology The progress over the last two decades 
cause CX ^ ansion °f livestock industries has been slow— not only be- 
taij Xe the problems outlined in the previous chapters, but also be- 
ef hv ° ^ adure on the part of those concerned with development 
fact eSt0c ^ P r °grams to fully appreciate the significance of all the 
h\est S mus t he considered in order to bring about progressive 
We ]j 0c1, 'ndustnes Seemingly training of personnel for planning of 
look /i", ed Programs for livestock development has been over- 
tert ' , >y those going as technicians from the temperate zones and 
•lie Us 11 * las * )een neglected in the university training programs in 
Sll t | anc f elsewhere for students from the warm climates The en- 
I’l'Ui C IStusslon is intended to create an awareness of the \alue of 
the nR vanoi, s aspects of programs, the importance of planning in 
u ,„:;;--fnl application of improved technology and the role of 
lines hi organization of resources 



654 LIVESTOCK PROGRAMS 
CONSIDERATIONS IN PLANNING 
General Considerations 

The question of how to allocate resources to expand [food supplies 1 1* 
a serious dilemma for many countries of the N-S 30° latitudes Al- 
though animal agriculture has been given relatively high priority 'in 
many countries, plant agriculture has usually been given top i priority, 
largely because it is the most rapid means for expanding food produc- 
tion. Where there are strong social and political pressures for food 
supplies, governments tend to channel their major resources --in- 
cluding those obtained from outside— into plant agriculture. This is 
especially true where government supported livestock programs have 
failed to yield the expected returns. Livestockmen have not always 
been as cost-return oriented as they should be in making improve- 
ments and have thus earned a poor reputation. Moreover, there has 
been more resistance to the use of innovations with animals than with 
plants, due to the greater emotional involvement with animals. 
Coupled with these factors are the pressures from those who feel that 
food needs can best be met by plants alone. 

With the current tendency for governments to base their alloca- 
tions on cost-return considerations, allocations for enlargement and 
improvement of the livestock industry may continue to lag. This trend 
can only be countered by careful planning and excellent rapport be- 
tween those concerned with livestock production and those in govern- 
ment responsible in programing for overall country development. Any 
significant changes in livestock production on an area or country wide 
basis will, of course, require trained personnel, appropriate research 
programs, and considerable financial resources. But it will take time to 
build the infrastructure needed to provide adequately trained per- 
sonnel and suitable technology. In the meantime, those concerned 
with improvement in livestock production must speed up progress by 
careful application of the principles that have already been reasonably 
well established— e.g., assessing the physical environment in relation 
to the feasibility of types of livestock enterprises, principles of animal 
breeding, methods of feed production, and procedures for maintain- 
ing animal health. 

A plan must not only be technically plausible, but also econom- 
ically feasible and acceptable from both social and political stand- 
POm ^.f^ rge ; mechanized farms offe r the best technical and economic 
posMbihties for increasing both total agricultural production and the 
output of livestock products; yet they are often politically unpalatable 
because a few individuals will control most of the land. History re- 
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veals that this tends to lead to exploitation of a sizable segment of the 
population. 

In some regions of Latin America, one solution might be to de- 
velop large farms in relatively inaccessible, thinly populated regions, 
while developing family-size farms on the better lands along the 
rivers, in mountain valleys, and near urban centers. At the same time, 
it should be kept in mind that land in the hot, humid tropics is not 
cheap and therefore ought to be utilized as fully as possible. Even 
though remote tracts can be purchased at low cost, clearing and pro- 
viding the necessary infrastructure of roads, housing, and services, 
such as health and education, make the cost per unit of animal product 
very high. 

Coupled with the general allocation of resources, including land, 
are other aspects of livestock development that demand careful atten- 
tion in the planning process. These are delineated below, not neces- 
sarily in order of priority. 


The Initial Changes 


Livestock development could benefit from recent experiments in crop 
Production: in many countries changes in methods of crop production 
nave been brought about by providing an initial package of practices 
'at increased production enough to attract the required initiative and 
investments of capital. In contrast, the usual projections for animal 
improvement through artificial insemination, recommendations for 
expanded use of crops for forage production, and “improved manage- 
ment more frequently than not have rendered relatively small in- 
creases in returns over those of existing methods. An increase of 10 
° 20% over the common experience for milk yield, wool clip, or 
growth rate often goes unrecognized, either because environmental 
actuations mask the improvement or because the increase con- 
s itutes such a small change in income. An analogy would be a culti- 
vator who sells only 10% of what he produces, the remainder being 
opt for household use. If he obtained a 10% increase in production, 
us would only increase his real income by 1%. In contrast, a culti- 
vator who sells 70% of his crop production realizes a 7% increase in 
income with 10% increase in crop yield. This is another reason favor- 
ng sizable, intensively managed enterprises to drastically increase 
livestock production. 


Few will resist innovations that increase yields and income many 
ones, as some innovations are doing in crop production. But the cost 
Of the Inputs required to obtain a 200% or better increase is too high 
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for most livestock enterprises in the warm climates — be they holdings 
of a few hectares, tribal ranges covering large areas of unimproved 
land, “commercial dairy enterprises” with less than 30% of their 
females of all ages in lactation, or beef herds with less than 50% of the 
females over 3 years of age weaning calves each year. 

If, by some means, the initial stage of high boosts in outputs can 
be attained, the acceptance of innovations that increase productivity 
10 to 20% assumes a different character. A 20% increase in the weight 
of a calf normally weaned at 180 kg or an increase in milk yield per 
lactation in a herd averaging 3000 kg will give much greater purchas- 
ing power for inputs and bring about much greater motivation for 
further efforts on the part of producers than similar percentage in- 
creases associated with the methods presently employed. 


Defining Program Goals 

A livestock development plan should clearly separate the goals of 
real growth -meaning the expansion of the total output of livestock 

nLtfon Th^ R the fv . 0f S , 0Cial devel °Pment and political partici- 
Th l latter might mvdve Providing A1 services on a free to all 
isTesfred die" !° C ° S ‘ ° f f PP'vmg the services. If real growth 

clear v deiita, ^ Tn ^ ^ ^ alte ™tive proposal must be 

tries should devote their limited q “ esll °? °f whether coun- 

increasing animal products (V ohomally trained manpower to 
rnerouscL s3iefof pr„arar Sma " h °' di " gS in ™al areas. Nu- 
small holdings may be unnrofihhV 88eSt k* 8 * 1 levels of in P^ts for 

thesupportrequirad-e g P ,he n ?c “ ’ em ’ S ° f ,he i-estments and 
etc.— or even for social raasons cj iSary ,f ,ensi ? n ‘“vice and credit, 
cally all their livestock product f “ sma11 •ormers sell practi- 
penditure, or as a means of excl 5 ° f choice of ex- 

As long as the animal or its product^ n grealer satlsfacli “"' 

ized value, they will be sold to buy lard yie d , goo<!s of greater real- 
routine food habits. A household S qi J anhtles of food or to vary 
slaughter a pig or . ™ a ™al village can ill afford Z 

tinely. Except on religious or festive ih" r ° U ; 

suasions, the major animal 
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products used in rural areas are eggs and milk, both of which have the 
limitations of wide seasonal fluctuations in supplies and competition 
from other choices. 

Since supplies from small farms are limited and inconsistent and 
there are restrictions on capital available to these farms for expan- 
sion, it would seem logical to give little direct attention to this seg- 
ment of farmers — especially when the main objective is the expansion 
of the production of total food for human consumption. 

Another factor that should be considered is that technological 


innovations tend to be picked up more rapidly by farmers specializing 
in livestock production than by small farmers. This means that “real 
oosts, e.g., the services required, are high for small farms. Also, it 
has been found that small livestock holders are dual acceptors, that is, 
mey may accept an innovation without making the necessary changes 
m related practices. For example, almost any farmer will accept a 
Luropean-native crossbred animal if he has seen these among his 
neighbors’ stock, but he may refuse to cease tying the cow's rear legs 
nring the milking process and milking without the calf present, 
vv ii°h are disturbing to this type of animal. He is also unlikely to 
re eognize that the new animal should have more feed to realize its 
Potential for production. The result is that little benefit is derived 
° m toe new animal. Still another deterrent is that profit maximiza- 
!°n m ay not be as important in a subsistence or barter economy as 
e maximization of security and survival; accordingly, the small 
armer may be very reluctant to accept the risks and uncertainty asso- 
rted with new technology. 

is A " t ' 1GSe f actors lead to the conclusion that if the primary purpose 
s total food production, the basic emphasis should be directed to 
Promoting commercial or semi-specialized to specialized enterprises 
r ‘Restock production. Those favoring this approach hasten to point 
r “ that the small farmer would not be ignored entirely as he would 
ee *ve some indirect advantages through the more specialized opera- 
the opportunity to get a better male for use with his own 


Pro Equa * ly strong arguments can be put forth for giving small farmer 
m grams a great deal of attention. (1) This approach would reduce 
mpidly the causes of social and political unrest. (2) The small 
f ’ er ,s oriented towards high labor inputs and usually has spare 
(1 ‘ y mbor; hence, he could serve a useful role in certain phases of 
Pas P r °duction cycle, such as rearing young stock that could be 
Raid - 1 al °ng to specialized producers. (3) The small farmer must be 
lleo C \ {) make maximum use of his resources for the benefit of total 
°mic development. (4) Although the colonial stereotype was that 
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"\azy peasants" refuse to work for an income beyond that needed for 
subsistence requirements, there is ample evidence that small fanners 
are economically inclined. They utilize their available economic re- 
sources. Even though they may be operating at low absolute Ictcls oi 
production, they will optimize at the ceiling of their mobilizenblc 
resources (Wharton, 1968). , 

It is clear that no standard policy can be adopted relative to 
participation of small fanners in livestock improvement programs. 
Whether they should or should not be incorporated must obviously 
be a defined goal. More will be said about planning for the small farm 


later in the chapter. 

In programs intended for the more specialized enterprises, a high 
degree of flexibility is required in the modernization approaches for 
all aspects of production, including feed supplies, disease control 
methods, types of animals, and management practices. Seemingly, 
emphasis toward commercial enterprises must be viewed on one of 
two bases: (1) either development in progressive stages of expansion; 
or (2) the enterprises developed in a single stage. To illustrate: A 
farmer may undertake a grading up scheme for his native cattle or 
sheep by crossing to an improved breed. Since improved husbandry 
and larger amounts of inputs must be closely associated with the grad- 
ing process, for it to be successful, planning must be done on a con- 
tinuing basis. Alternatively, farmers may establish complete new 
units or modernize older ones in one step. Complete modernization 
is an almost universal approach in poultry and swine enterprises 
and has occurred to a lesser extent for dairying, but is rare in beef 
operations. 


Producer Motivation 

The acceptance of technology is the end product of program develop- 
ment. Often those directly concerned with research in the animal sci- 
ences and supporting livestock improvement programs have moments 
of despair because their recommendations are not accepted readily 
by intended recipients. The causes may be numerous. 

A technical breakthrough may have occurred at a research station 
giving evidence that with adaptation a significant improvement in 
w?ih°-n? Ut ° f / m T l products could be realized. Those concerned 
t . ■"r Sed *^T' 0n reg3rd 11115 as a Potential source for realiza- 
new tlcir„nlS blC deSP “ e <he ‘ r e(r ° rtS farmers hav e not adopted the 
"nto hree ^ reaS ° nS fot resistai >« adoption tend to fall 

regones: (1) those related to the farmers them- 
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selves, (2) those related to the technological innovations, and (3) 
those external both to the farmers and the innovations. The latter 
may result from environmental factors. 

It should be kept in mind that whereas the developer of the tech- 
nology thinks in terms of projected returns, the would-be user thinks 
in terms of real returns. When a local type cow is crossed with a bull of 
an improved breed, the projected return is that a crossbred will be 
Produced that is capable of yields 200% with a 95% probability; but 
the real returns may be less than 50% greater than those from the na- 
tive cow with only a 75% probability. There are no major reasons why 
ie real returns could not equal or be even higher than the projected 
returns. When these two distinctions in returns are joined, one readily 
sees the divergence which can take place when a new innovation is 
emg promoted. If the promoter of the technology knew the farmer’s 
arm as well as the farmer did, the real returns would be the same as 
e Projected. Since those advocating the use of the new technology 
0 not have the same picture, their respective realities diverge. 

The projected returns can diverge from the real returns for a num- 
er °‘ reasons. A livestockman who is an “early adopter” and who has 
never previously tried crossbreeding, but only seen it on another 
( arm or experiment station, tends to add a significant discount factor 
any estimate of performance derived from his immediate observa- 


ble 


experience; whereas, the “late adopter,” who lacks experience, 


er rejects the technology or accepts it without adequate examina- 
n in relation to his own skills and his resources for supporting it. 

Lack of awareness among farmers of the true merits of the pro- 
s ecl innovation may be due to improper methods of presentation. If 
°se who present the innovation do not understand the new man- 
a 1 practices required well enough to explain them thoroughly 
answer all questions, they will fail in implementation, 
in H, * S P ract *cally impossible to integrate all the variables involved 
tb ] 6 ^ ai * ure °f farmers to adopt recommended technology. Never- 
a ess, certain major reasons have been identified. (1) The fanners 
not understand the new technology because information about it 
lie n °i reached them. (2) The fanners may have heard about new 
e(Te 'r ^ Ut may ^ ave insufficient knowledge or skills to utilize them 
ma ctlve ly, or even understand their potential. (3) The new practice 
<tue M 0t 1)6 socia,1 >’> culturally, or psychologically acceptable. Fre- 
cnttl CaSe studies °f the impact of a new program, such as dipping 
it \ ° * 1 ° contr °l ticks, indicate that it has not been adopted because 
tom”. llpset ,0 ° severely the established pattern of social, cco- 
tai n ] l ?'-° r po ' itica l organization. The importance of such forces cer- 


>' can not be ignored, particularly among small fanners or tribal 
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herders (4) Very often the new recommended practice lias not in 
fact been locally adopted or tested under conditions that closely ap- 
proximate those faced by the farmer. (5) Probably the bluest single 
cause of resistance to change is the unprofitability of the program 
recommended, as seen by the farmer. In many cases, the new tech- 
nology may be physically better but not necessarily economically 
better. (6) Frequently the new technology is embedded in a physical 
process, such as the application of fertilizer to pastures. Unless the 
fertilizer is readily available to the fanner in sufficient quantities at the 
time when he needs it, knowledge of its potential contribution to his 
feed supplies will not result in its adoption. 

As indicated previously, small farmers are seemingly the most 
difficult to motivate. Explanations vary. Some analysts rely upon non- 
economic explanations— e.g., the indigenous culture militated against 
the new practice or higher production would disrupt the traditional 
habits. Closer examination reveals that the economic advantage has 
often proved illusory because the landlord secured all the gain, the 
money-lenders consumed any additional returns with high interest 
rates, the government guaranteed price was not paid, or the cost struc- 
ture made the innovation unprofitable. Still another factor that re- 
quires recognition in the motivation of small farmers is the value of 
their total efforts. Robinson Crusoe did not try to reach the absolute 
maximum of total physical production on his garden plot because his 
labor had value in other pursuits. This simple fact is all too frequently 
forgotten by those who want to bring about changes in the fanner’s 
production methods. If the farmer is asked to plant an additional crop 
for forage, he must weigh its labor requirements against the require- 
ments of the main crop. He is aware that much of the forage crop may 
be wasted because he has no storage facilities. As a result he looks 
upon the extra planting as a poor investment of his labors. 

Fanners, large or small, may be attracted to invest when market 
prices are good, but may later become disillusioned when the balance 
between feed and product pnees becomes unprofitable. A good il- 
lustration of the point comes from a district near New Delhi, India, 
w ere a governmental program was pushed to increase the supply of 
eggs for the city beginning in 1959. By 1962 there were a large num- 
ber ot both small and Urge producers. The market was favorable as 

™ r' 3 :rr d sia6 ° per 100 ^ whu e ee&s so id * $2.76 Pe r 

„ „ e proicct had expanded the demand for feed nntil it 

rose to 514 00 per 100 kg while the market price for eggs dropped to 

shift ! 10 dUe ov ® ISUPply ™ «*e winter season. Because of the 

This f- 1 . PtlC "' g T" ° f * e pro<Wrs were driven out of business. 

Th.s experience .Unstrates two faliacies in planning. (1) The planners 
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projected low feed costs, but these could remain low only as long as 
the supplies came from local sources; when the demand reached a 
point tli at feed had to be imported the prices rose precipitously. 
(2) There was inadequate attention given to handling of the market- 
ing (Jaggi and Robertson, 1965). 

It is abundantly clear that if producers are expected to invest 
in new innovations they must be assured of expected real returns for 
their products, which will allow them to use inputs, including labor, 
to an economic advantage. Of all the instances of neglect in past pro- 
grams, probably the greatest has been the neglect of incentives. 
Therefore, the importance of appropriate planning for incentives 
cannot be stressed too much. 


Needs for Government Involvement 

Properly conceived livestock improvement programs may carry hard 
Wns (from commercial banks) and thus be self-sustaining. But, in 
general, some degree of governmental assistance is required for 
livestock programs, in the form either of direct subsidies to producers 
°r support of services, education, research, training, or marketing. At 
the very outset, all plans for livestock improvement oiight to include 
a clear delineation of the support required along with projections on 
whether the program will eventually be self sustaining, except per- 
oaps for certain services, or will require continuous direct subsidy. 
For instance, if the objective of implementing new innovations in 
animal husbandry is to expand production on a free market basis, the 
Plan should include provisions for governmental assistance through 
extension services, guaranteed loans, aid in developing marketing 
acilitles, and perhaps support for farm record keeping and the main- 
tenance of seedstock farms or artificial insemination services. 

Similar types of support may be needed if the intent is to deve op 
° r expand an export market with the added services of health inspec- 
tl0n and sanitation control. In order to establish and maintain an ex- 
pert market, there may be requirements of direct subsidy for as- 
sembling and feeding out animals, and processing products (e.g., 
°Perating slaughterhouses). 

If the projections are directed primarily toward increasing t ic 
sll Pplies of animal products or maintaining livestock products within 
a .n\ed market price level, high levels of subsidy may be required 
l lcr of a direct or indirect nature. In Puerto Rico, the government 

c hosen for several reasons to maintain certain minimum levels 
01 Pork, egg, milk, and beef production even though competition from 
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imported products has been high. As an incentive, producers arc paid 
directly $25.00 (U.S.) for each male calf reared, if it attains a minimum 
body weight by 6 months of age. This has markedly reduced the num- 
ber of calves sold at 1 or 2 days of age and encouraged the expansion 
of beef production by growing the animals out to 350 kg live w eight. 
In Venezuela, the government pays the cost of transportation of fresh 
milk from near Maracaibo to Caracas, which is over 600 km away, 
in order to satisfy the needs for an urban market and to provide in- 
centives for production. 


Indirect subsidies may be provided in numerous ways. For ex- 
ample, subsidies may be made through the mill; processors, as in the 
U.S., where price supports exist for butter and milk solids. Or the sull- 
s'dies may be channelled through such activities as supporting feed 
mills, livestock markets, or processing plants of one type or another, 
m er by direct operation or by providing partial operational costs. 

and urc n fe e rpurt y i a S ° f0n " ° f * pr0,ec,ed ™rket where tariffs 

and preferential treatment are provided certain segments of the live- 

SSSsraaa 

sa5SKS!r?-sa. , i== 

large cities (Khurody, 1967) Other k °" ,CS near most of the 

supported the a " d 

viding improved stock for general distributora ° fpr °- 

or assisting cooperative” P s r umort1fo elOPn w nf thr0Ush establishing 

required in the form of PUb ‘ iC resources is usually 

nary services, and capital investments suaran,eed Ioan s, veteri- 
almost every country of the world li n equipment or buildings. In 
assume that the government will nr ? 5t0ck dev < d °pment programs 
through extension slices " P 1 Certain “"d training 

research installations, veterinar^nm SUpported universities, 

munications. These are real cos? ^*P° r ‘ a H° n . and 

Plan, at least for those features that callfc 11 ^ be '““rPorated into the 
Frequently, proposals for livestock imr/ expanded or new services. 

urthermore, planners frequently fait to appreciate the full scope 
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of the services required, particularly in regards to resettlement 
schemes for land reform programs In Puerto Rico the government 
planned a program to utilize 20,000 hectares of hill land, some of it 
on slopes up to 40%, divided into approximately 8 hectare farm units, 
with highly fertilized improved strains of grasses serving as the feed 
supplies Three types of operations were planned dairy operations 
with young stock reared on other farms, enterprises devoted entirely 
to rearing dairy replacement heifers from 6 months of age to time of 
first calving, and farms devoted to grazing steers from about 180 kg to 
a market weight of 385 kg These were planned as family farms They 
were expected to return to each family a level of annual income at least 
30% higher than die wages customarily received for harvesting sugar- 
cane by hand 

The expectations for all units were based on high levels of man- 
agerial skills, but the intended participants were former agriculturists 
or laborers widi little or no livestock experience The levels of skills 


inquired were such that if a heifer rearer lost several animals or a 
>ee f Producer failed to get 0 6 kg gain per day he would have less in- 
come for his labors than he could receive for cutting cane on a sea- 
sonal basis (6 months work) Similarly, in a dairy enterprise, if the 
calving interval dropped from the projected 380 days to the average 
Qr commercial dairy herds on the island (430 days), income level 
would decline below the established minimum Obviously when 
starting with unskilled people programs must be supported with ade- 
quate extension personnel The ratio, at least for the first year, should 
”0 one well trained agent per five, and not more than eight, families 
\he high ratio is needed because the new hvestockmen must have 
me full attention of the agent at least one day per week in order to be 
Pioperly guided in learning appropriate husbandry skills 

On the island of Trinidad, a dairy production program was de- 
veloped with “turn key” (complete, including family dwelling, milk- 
'll! shed, pastures, etc ) 8-10 hectare farms with all the land in im- 
Piosed pastures The participants were former agriculturists who 
iccened some indoctrination before going to the new farms The 
•His were stocked with Holsteins imported as heifers The “failure 
"'to on these farms has been high, principally because of lack of 
Pm'ision for the necessary trained technicians to oxersee the proper 
mdoctrmation of the operators Numerous other examples of cqu.illv 
'Unions deficiencies in planning could he cited, hut the central point 
j s 'hat the lcxel of husbandly planned to make “new Inestock” en- 
'rprises feasible has to be supported with adequate technical as- 
Vstaiice 
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Defining the Purpose 
the Livestock Are To Serve 


A careful classification of reasons for keeping livestock will also help 
in decision making on allocations and priorities. The keeping of live- 
stock generally falls into one of five categories: (1) To supply markets 
with products that can be afforded by some or there is a demand stem- 
ming from cultural habits. In some societies there is a demand for pigs 
smaller than the size for most efficient production, or for live poultry, 
which require extra handling before being consumed. Units that 
produce these products may or may not be adjacent to urban centers. 
<2 Lweslock are kept mainly for agricultural power but also supply 
edible by-products. (3) Livestock are kept to provide some returns 
from lands largely inaccessible to markets. These lands are ordinarily 

Ibrnul b nl “V »g n ™ltural production other than that realized 
through cattle, sheep, horse, goat, or camel production. (4) Livestock 

! „ a ba " k or a ™ eans ° f providing reserve food in periods of 
Shortages; they are used as a feature of family celebration- or they are 

poTOs'rfutestodLk 3 ^ fiber ', This cate S or y encompasses hTOSiX 

meat agricultural production. (5) Livestock are kept to h° “T m 
food supplies by making fuller n i k ,? kepl ,0 enbance total 
not otherwise contribute to human fcrf^l!T ,r * UC, ‘ ** W ° UM 

needs^ecSeUrioTnmdc 1 to total 

for most households For this rr* lS OUlsit ^ e routi ne food budget 
stock programs prindpX on T^ S t0 bui,d ViabIe Iive ‘ 

normal risks. Categories (2) and ^,° f th,S type entaiI greater than 
small fractions of the total aniiml J P rese nt contribute relatively 
centers, and it seems they Snn ?. as food -ban 
mechanization and shifting of agrictXm The^f™ 11 * 1 advances of 

are restricted, investments in ' ^erefore, where resources 

questionable. In any case, theremayb ** .***? tW ° Cate 8 ories seem 
rent practices that can make the om,,,". °'r ^. a ^ ew Ganges from cur- 
stantial feature of income. Certainly the f° .'7.® stock Products a sub- 
asststance would warrant consideLf feasibl ^ l,t > r of Providing direct 
standpoint than from the stad™£ '°? m ° re ^ 3 S °<*-P<>litical 
Plies. A further limitation is that the ,ncreas ‘ng human food sup- 
these sources works to the disadvan^^^ of products f rtmi 
jumer. Category (3) may be l<Std ™ 8 u* Produ «* a " d 
»°nal stage; current enterprises wtl nr„°h w ^ lo "g ™ as a transi- 
,U Pr ° babl >’ ba replaced eventually 
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by other forms of agriculture or become serm-intensive to intensive 
livestock operations with improvements in transportation 

Category (5) encompasses at least three major groupings (a) cattle 
or other species kept near urban centers to utilize the by-products of 
industry and food processing, (b) livestock that serves as a phase in 
the crop rotation cycle and for the utilization of rougher lands on 
larger farms, or (c) fattening and dairy enterprises that draw all their 
animals from small farms Category (5) entails fairly high investment 
costs per operation and rather sophisticated management techniques 
Specialized livestock enterprises already exist near all large urban 
centers (5a), particularly swine, poultry, and dairy units The number 
and size of these are subject to expansion at least m proportion to the 
enlargement of die urban centers This grouping is likely to have a 
further dimension — namely, units for fattening or finishing sheep and 
cattle, with feed supplies consisting largely of by-products from in- 
dustry and food processing 

Category (5b) should afford an opportunity for the most marked 
expansion in many areas for all but die very smallest farms For exam- 
ple, m southeast Asian countries, where the production of new cereal 
Rram varieties is rapidly expanding, experiences have shown that 
rotation of crops is required in order to obtain maximum benefits 
hom the improved varieties The best solution seems to be about 
three years of cereal grain production followed by one to two years of 
°rage production India is devoting a great deal of attention to this 
Possibility In operations of this nature, livestock production should 
| 1<x '° m c a phase of the total agricultural production on farms where 
■cretofore its role has been marginal to submarginal 

With appropriate planning, organizational structure, and govem- 
mer, t subsidies, largely through services and capital for facilities, 
Rotegory (5 C ) affords a potential for marked expansion As already ln- 
'cated, It is difficult to create incentive among small farmers when it 
Retails intensification of traditional practices They have limitations 
| th land and feed supplies Where farm acreage is restricted and 
" y mature or near mature animals have appreciable value at the 
lr het, the small farmer is relegated to a "static state,” meaning he 
, '! S J skI ' only older animals If these are females he loses the poten- 
la for Producing more stock At the same time he cannot rear > oung 
^omals beyond the weaning stage without selling due to limitations 
Rod supplies from Ins own sources 
, h ole small farmer could anticipate annual sales of > oung animals 
approximately weaning age). Ins economic incentives would be 
nut ’ better Tor this procedure to be effective, organization and as- 
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sistance will be required in assembly and transportation of the young 
animals into units for growing out. Likewise, assistance and organiza- 
tional structure will often be needed to establish the enterprises and 
feed supplies to make the finishing units effective. Finishing units 
could also be the most feasible method for drawing more productivity 
from categories (2) and (3). 


It must be appreciated that the categories are broad and lack 
complete distinction. Nevertheless, examining projected programs 
with respect to these classifications will aid materially in develop- 
ment of plans, especially where resources to support improvement 
programs are very restricted. 


Immediate vs Long-range Returns 

cmcient func,inni " B 

closely related to the level of inpnts Since'mort i ™ naSement arc 
grams entail progressive e»r,, n .- ■ ' b nc most lm P r °vement pro- 

with long-range development S„r s a " d , neX ' ini ’" ,s 

with or entirely based on increased lawTs®’ ° f "' P . U . t! associatcd 
expected to provide visible or mpac i 1 lnle J ls,t >'- which would be 

in output per animal unit directly orh V 'u'" 1 day t0 3 mon(l >' ; 
as follows: ectly or "> d 'rectly through the land, are 

immediate returns: 


Flushing fe lesbef t-~«on 

R~^~ r “" ,rol ° f — al -rashes 

Increased level of feeding 

Use of salt and minerai supp^ments 
Land 

Application of fe rt .l 12e r 
control in pastures 
Rotational grazing 
Drainage 

Contouring ofland to 


restrict runoff 
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Some examples of inputs that would require a longer time lapse 
before measurable effects could be realized are as follows: 
Long-range return inputs: 

Animal 

Adjustment of breeding season 
Use of better sires 
Storing of feed 
Use of shades or shelters 
Vaccination 
Land 

Pasture renovation or new seedings 
Establishment and use of irrigation systems 
Clearing of land 
Drainage to avoid flooding 

Obviously these lists overlap somewhat— e.g., in use of shelters. 
But most of the inputs in the “long-range” list require fairly large 
capital investments, either direct or in equipment and facilities. 

Another way of classifying planned inputs would be with respect 
t» the outlay of capital required - small or large. Small capital require- 
ments refer essentially to intensification of management and labor. 
Examples include close attention to females at the time of parturi- 
t,0 n, an extra crop of feed per year, and a limited amount of stored feed 
supplies. Some of these can be accomplished to a degree by indi- 
Vl nuals no matter what the level of enterprise. Large capital outlay 
may be associated with providing artificial insemination services and 
'exportation of stock. Land tilling, seeding, irrigation, the use of har- 
esting equipment, heavy applications of fertilizer, fencing, irrigation 
equipment, facilities for handling stock, and numerous other innova- 
!°ns are examples of large capital outlay. Some of those items ini- 
tla *ly sorted under large capital requirements could eventually be 
considered in the category of small capital requirements, in terms of 
output of livestock product. A tractor, for example, represents a 
major capital investment, but consistent use would make its cost low 
m relation to an equivalent amount of hand labor. Thus, in determin- 
ing the classification of animal production methods and in develop- 
ln 8 approaches to motivate farmers, the likely speed of return and the 
capital requirements should be given careful attention. 

Cultu ral Inhibitors 

th lnan y livestock improvement programs have fallen short of 

e V** $>°als because of failure to recognize cultural inhibitors. There 
,s b> almost everywhere some cultural practice that inhibits obtain- 
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Those recommending change need to arm themselves with as much 
data as possible to convince fanners of the economic feasibility of 
projected practices. The “clincher” of the sell will be the attractive- 
ness of the profit motive presented. There is, for instance, a level of 
milk production per animal at which the production of forages be- 
comes economical and competitive with food and cash crops. This 
thresh oldis related to the price paid for milk and to the costs repro- 
duction. The farmer should be informed of the costs of various levels of 
technological advancement, e.g., establishing and managing pastures 
as well as the relative economic merits of growing and feeding green 
or stored roughages versus purchasing concentrates. Similar pro- 
jechons should be available regarding interest on investment in live- 
rtocl, costs of maintaining livestock-other than feed costs-con- 

veteri'n arv and 7 facili,ie \ and ihe ma "k incidental costs, such as 
veterinary and drug costs, that arise with improvements in technol- 

investrnents^and re'h SW "if cha " ges Can be e *Pected in farmer 

noingyin^eef'produchig'enteiprises^T^lrle^Q'!^ 011 ' 8 °^* ecb " 

changes in herd en<e p r,se /- T ->We 19.1 depicts the expected 

come from a 1200 hectTre n emero r n 0 s f eT rketable ai i ima,s> and gross in_ 
some other adjustments that 7 u 7 0m ln,ens >fication of labor and 
centage from 35 to 50% Oh"- d ,ncr case the annual calving per- 
vear, the level of iZl'il till f n Cal ™ g rate ° f 35% per 
sale is late. (Carrying capacity for m ? rta ! lty 1S H,gh ’ 3nd lhe age ° f 
mal 3 years of a^e and oTde^ Sste 'h W3S 3 0 hectares per a " j - 
age, 1.95 hectares per animal’ 1-0 V e a *7“ PBr an,maI 2-3 y ears of 
animal from weaning to 1 year of age) With d ’ a " d 135 hectares per 
mg and care of the cows, the calf e™ ’- th ° Ser attentlon to breed- 
inventory also increases but 10 50% ’ The total herd 

reduced from 200 to 170 Grns number °fcows (3 years and older) is 
seems encouraging, but' when ,h C ° me nses 1 b >' near| y 23%. which 
against the possible need of add, t, retums are matched 

-he, and perhaps the puretse 0 f a dd , kb 7 *° Care for *• ««» 

m a restricted breeding season lhe dd,t,onal s '™ t° cover the herd 
«"• ^ "• ' he '"“"live may not be attmetive at 

creasing production llTmtroduefn^ o Se< T inEly att ractive way of in- 
's to sell animals at an earlier arem ne ' cha nge. Here the objective 
ZZ a ” lc . and >° huihl l ° reda cc risks of losses 


10 sale and to build up cow „„ , . ' reduce risks of losses 

™.*l. a " increased turnover mte. 
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table 19 1 

Expected changes in herd makeup , number of marketable animals, and gross 
income per year from 1200 hectares of grazing land when calving 
percentage »s increased from 35 to 50% per annum 


Calving % 


35 50 


HERD MAKEUP 


Cows (3 years and older) 

200 

170 

Number of animals in other age groups 

4-5 years 

45 

54 

^-4 years 

46 

56 

2-3 years 

47 

58 

1-2 years 

50 

61 

8 months— 1 year 

53 

64 

0-8 months 

56 

68 

T °H1 all ages 

497 

531 


GROSS RETURNS 


sold/yeai" 

' erasc w «ght at sale (kg) 
rn « ineome/year ($US) 

“tnctmn rate/year (%) 
J^_[«iirns/hectare ($US) 

34 

400 

4,760 

68 

3 97 

44 

400 

6,160 

87 

5 13 

■ BASIC VALUES FOR ESTIMATES 


Jf mortality 0-3 months (%) 
Co r ° SSes 3 months -sale (%) 

Pr, ^Placement /year at 12% 

weight ($US) 

20 

20 

20 

18 

24 

20 

35 

35 

* n fn>m ■ ,-S year Kroup minus 12% cow 

r ri placemen Is required plus salvage valui 

o of % of culled cows 


cnT f '? or,glna] age of sale, while 43 months means selling at the 
* le We t season one year ahead of the 55 month stage, and 8 
u , nt _ ’* "teans selling weaned calves. Efforts to improve calving per- 
■Res* ^11 ^ are not P art ^ ie P r °S ram - Selling at one of the earlier 

ti 0ri Permit an increase in cow and total herd numbers. Extrac- 
Users^ a ^ so r * se * These are good points to present to potential 

capU ’ c # ,pecia Hy since the recommendations do not project a rise in 
w} ‘ ‘^estments. But there may be some increase in labor needs 
. Se at 8 months due to the number of times the herd will 
I»itt umi , ,nR * ^ ross income will rise 6 2% bv selling at 43 months 
1 decline 19% from the 55 month level if sales are made at 8 
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TABLE 19.2 

Ezpcetcd changes in cow numbers (cows 3 years and oier), number of 
marketable animals, and gross income per year from 1200 hectares of grazing 
land uhen the age of marketing ir reduced from the traditional 55 months. 


Age of Sale (months) 



55 

43 

8 

HERD INVENTORY 



Cow s (3 > ears and older) 

Number of animals in other age groups 

200 

215 

265 



22 

32 



50 

34 



52 

36 



54 

40 

9-8 months 


56 

71 

Total all ages 

56 

60 

75 

497 

509 

553 


Number sold/) 

Average weight at sale (lg) 
Gross income/) ear (SUS) 
Extraction rate/} ear (SJ) 
Cross retums/liectare ($US) 



Calsing percent/) ear 

FOR ESTIMATES 




Olf inonJin 0-.1 m „ m |„ (rj) 

35 

35 

35 

Ar.m.1 3 nl< . 


20 

20 

Cosi losses/vear (^) 


18 

5 

I'fKelg live weight («JSJ 

35 

-35 

12 

.35 


. 


'* th from itcnljty and 


H-arj arc the needed fcmX "Jpla' C ^ “ ,e Bnries between 1 and i 

1310 h ’^‘^ .™h. of practices” on t 

nasement are improved tc 
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TABLE 19 3 

t anKCS the number of animals available for sale from 1200 hectares 
J with a combination of practices for improved feeding and management 


Age of Sale ( months ) 


43 


31 


19 


10 


Cows (3 years and older) 

Number of animals in other age groups 
3-4 years 
2-3 years 
1-2 years 
8 month- 1 year 
0-8 months 
T°tal all ages 


HERD INVENTORY 


250 

300 

360 

410 

138 

140 

166 

72 

82 

142 

168 

204 

82 

144 

170 

206 

240 

147 

175 

210 

240 

961 

979 

1,052 

1,054 


GROSS RETURNS 


Number sold/year' 
p Verase weight at sale (kg) 

' oss ln come/year ($US) 
rate/year (%) 

_^retums/hectare ($US) 

135 

163 

200 

238 

400 

340 

270 

200 

18,900 

20,594 

21,994 

22,260 

14 0 

16 6 

19 0 

29 2 

15 75 

17 16 

18 33 

18 55 

BASIC VALUES FOR ESTIMATES 7 ' 

A Tn °rta ,i ty 0-3 months (%) 

C- 1 ° sses 3 months — sale (%) 

PnJr P , ment/year W 

10 

10 

10 

10 

6 

5 

3 

1 

20 

20 

20 

20 

— llvc " eight (SUS) 

35 

35 

35 

35 


aV ?' ,ab,e f0r Salc 
b|?c65%/vr 


cow replacements plus salvage value of OS*^ of cows culled 

■Re 65%/yr 

“Untion due to disease, sterility, and physical injury, plus 10 r t> culling 


the 

Si 

ill 


8 mo ‘. nt t * lat tile carrying capacity is about 1.5 hectares per animal 
ill Ust ’ s of a 8e and over instead of 3.0 hectares as in the two previous 
to lor- ° nS ' m °rtality from birth to 3 months is reduced from 20 
Th roi ;°i aS are an >mal losses from 3 months of age until time of sale, 
the hr , ' i* com l>ination of inputs -better feed supplies, regulation of 
ris es t ^ pL ng seas °n, and animal care— the annual calving percentage 
0r Je r ( ^ ow replacements are increased from 12 to 20% in 

fro, n culling on performance in the cow herd. The receipts 

Tl)> f e cull cows is included in gross income. 

''•ntor, 1 ' ° Ur c °l |,rnr >' i >n Table 19.3 depict the expected herd in- 
Sl ‘i | n.ils 5 a,U * Rrc,,is returns when the herd is operated for sale of 
"car 43. 31, 19, or 10 months. This plan could be recoin- 
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mended in an area with a 7-8 month wet season and a 4-5 month dry 
season, using grazing only. The adoption of the improved practices 
will permit nearly doubling the extraction rate in the two previous 
tables, and gross income is expected to rise fourfold or more. (Gross 
income is based on the sale of steers, possibly some culled heifers, 
and the salvage value of 95% of the cows culled each year). If the herd 
is operated to sell at 31 months of age or less, it can be reasonably 
» lhat hC1 ^ rS Wil1 calve earI >er-by 3 years of age-thereby 
boosting income. (Dperating to sell at 31, 19, and 10 months will give 

overXff d nSe m gr ° SS in ?° me ° f 9 ‘ 0 ’ 16 ’ 3 ’ and 17 - 8% ’ respectively, 
over that for an operation selling at 43 months. 

: nlI ,1“''™ "* [ ac . e , va ' ue ' » a PPears that the only way of really increas- 
Ucan L a«“ ’.u " ^ * Pacba S e " For the long run 

lady f’ r nroe™! th,S '? ! he onI >' approach that is worthwhile, particu- 
On the Z R r ha„r,h n " 8C0 , nSiderabIe Sove "™ «** Participation. 
wamntconsUlc "^! PR f ice approach ma y sometimes 

*r 0 ”'o“t«r;:- 8 ’I hen the op ™‘°r own. the land; taxes 
as housing for labor- and"*? '*1 ent ’ certain facilities already exist, such 
improvements would ll'I’' g Ca !' 0n ° f the farm is suc f> that costs for. 
illustrated in Table 19 3 uTil ' K ' undertal ' c a Program like that 
remote areas of U, „ a ' ' e .u' ,Ua,i ° ns ’ man >' »f ' "'hich exist in 
practices illustrated in T-d l./'To i 6 , snlad increases realized from 
to operators “e P Ta n ' ' 9 : 2 ba attractive enough 

inar,g,,rate„ewenSises mV , eS,ors are “°‘ Mtely to 

expansion of the beef industrv 1”° ' S n ° l ikfdy *° be a progressive 
in Table 19,3. md " S,ry Unless "'"ms are reasonably good, as 

show operators svhylicome^ S™ Ch in eConomic planning is to 
and attract new investors. Table 19 4 shiTTi? 11 ! he need for chan gcs 
enw per year for various calv,„„ H ,h e changes in income per 
general, there is a direct relationshfn T h 8 ** a " d market prices ’ In 
'' caning and calving percentage hr b f™ "’eight of the calf at 
i »es tlie weight per calf. Although w t K caIf cro P decreases so 

taler, this schedule can be used^ 7“ fnWy "° lbe sold un,il m nch 
.•' men, per CO w. „ is rC ad,lv 1 , 7'u Cs,imat ed returns on in- 
m ban I). give ret,,,,,, aIln , c ^ d ™! ,hat calvings of 60% or less 

Table 19.3 contains data nn u at, ° n on the cows. 

H ‘ cf T V in ** And, tf e n !r ,Cd , COSt Per year ^ep- 

e l i Cn, '' ,lnJ ' a > a rate „f a ^ ™ * e ™ Colombia using unim- 
S P'-rr-ntige is less , J and calf per 3 lieek, res. If the 
'• " ,s readi '>- evident that the 
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TABLE 19 4 

fomblc income per cow for tanous calving percentages, body weights, am! market pm 


Weaning 


Percentage 

Wt half 

Calf wt /cow 
in the herd 

Returns ivith 3 prices ( $US ) kg 

■ 

(kg) 

(kg) 

0 28 

0 32 

90 

200 

180 

50 40 

57 60 


200 

160 

44 80 

51 20 


180 

126 

35 28 

40 32 


160 

96 

26 88 

30 72 

50 

150 

75 

2100 

24 00 

35 

140 

49 

13 72 

15 68 


table 19 5 

Es/muiferf cost per year ( $US ) of keeping a beef cotv in the lowland tropics 

m Amer ica on unimproved grasslands ( cow + calf/3 hectares) in 
n mmum umts of200 lo 4Q Q , wctarcs 

Charge/cow 


Land value $35/ha at 10% 10 50 

j 0 ™ 1 * and fencing ($5/ha/10 yr) 1 50 

charge ($300/20 cows for 4 yr $124 resale) 2 20 

v a .' es Slaughter rights, sales, property) 4 00 

a ue of COW ($144 resale value $120 + duration of 4 yr) 6 00 

T a and minerals 0 96 

L °.° S ’ saddles . horses ($120/400 ha) 0 30 

a (2 men/yr $ 1200/400 ha) 1 50 

"nnsportation to market 4 00 

j ° tal ““tlay 30 96 

"West on capital at 10% 3 10 

___2Wnost/cow/yr 34 06 


Inr r( ,,,j )er COW is su bmarginal according to Table 19 4. In this particu- 
“Pnrators 1 Ca VIng Percentages ranged from 35 to 50% per year. The 
ta.x es a ,T.® na S e d to survive because they owned the land, paid few 
here " not buy bulls. Due to low direct costs, their real costs 

'cry | ," nc 517.00 per cow per year. Even so, this does not provide a 
lnv estors return on investment and definitely would not attract new 
^bIjI 

Merits shows the estimated annual cow costs where mvest- 

te ra ^ er high, such as might be required for the “package of 
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TABLE 19 6 

Estimated annual cast ($US) of keeping a beef cow in the lowland tropics 
ofljitin America on improved but unfertilized pasture ( cow + calf per 
hectare ) in minimum units of 200 to 400 hectares 


Land value $160 at 10S? interest 
Pasture establishment and maintenance 
Fencing ($80 for 10 yr duration) 

Watering places ($80 for 10 yr) 

Buildings and other improvements ($20/ha for 20 yr) 
Bull charge ($400/20 cows for 4 yr: $160 salvage) 
Taxes (slaughter rights, sales, property) 

Value or cow ($144 with life of 4 yr. $120 salvage) 

S tit and minerals 

Medicines, insecticides, vaccines 

Vehicles ($592/> r/400 ha) 

Tools, saddles, horses ($120/400 ha) 

Fuel and repairs ($600/400 ha) 

Labor <2 mcn/yr SI. 152/400 ha) 

Transportation to market 

Total out!a> 

Interest on capital at 10^ 

Total cost/tow/jr 

Soun, AdjptH |y )7 


Chargelcow 


16 00 
800 
0 80 
0 80 
1 00 
300 
400 
600 

0 96 

1 60 
148 
0 30 
160 
2 88 
4.00 

52 42 
5 24 
57 66 


practices (Talile lO tl„ 

Table 19.5. When the cosier Pt T “'V 5 abou * 70% over ‘hat for 
hotter becomes mandator^. ’ ™ Sed ' “ Cal lvinR Percentage of 65% o. 

"'e P tnjt’Ctcdone” as Table" 19 e 6 C,,ITe, | t l < u le ’ ° S in Table 195 ' and 

stage! to insure that all tire increased7n U n d | b<: USeful . in the planning 
ami in the field to illustrate “ , rcqu,red are considered 

loss- as ss ell as svhat specific chances ° th ° rcasons ' vb y incomes arc 
"’em. changes arc required for marked improve- 

norntc data b Ne\rrrd d e lc-s's^ thcVTervtMo V !?. r ‘ bed wi <h adequate cco 
‘•‘t planners should carefully evil. ‘Nitrate the central point 
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In planning livestock programs the projections for change should be 
carefully examined relative to conditions for “payoff.” In outlining 
I e conditions for livestock development, there is the temptation to 
set forth a catalog of musts. There must be production oriented re- 
search, improvements in education, communications, transportation, 
marketing, etc. These are certainly important, but in the initial stages 
0 Program development the ranking of the musts for payoff are (I) 
incentive or motivation, (2) stability of government, (3) credit institu- 
■°ns, (4) research programs, and (5) expansion of education. 

esearch and education often appear at the top of the listing, thus 
e order of priority is unconventional. Its strength lies in the premise 
a on ce livestock production, as well as other agricultural enter- 
f<i" Sl: ‘ S ’ I> at R erS momentum, the political initiative for sustaining the 
v ard motion will be created by pressing demands for advance- 
co , j - S , - ln technol °gy. more input supplies, and satisfactory marketing 
c e f l 10nS ' / ' s uLeady indicated there can be no change without in- 
p. e ’ anc * incentive depends largely on economic conditions. 

Th r! ° Se ^ re * atec l t° motivation is the need for political stability. 
j nv e ^f ree risk rises in unstable situations, and this further deters 
ment t ment ' Simila riy, credit institutions must have a stable environ- 
diti a ^ rov '^ e ca Pital at reasonable rates of interest. When this con- 
A1ri? eS n0t ex ' s h interest rates are all out of proportion, 
tiiat h success fnl plant agriculture usually requires technology 

S(Jrn a '’ ° een tested under local conditions, animal agriculture can 
cause lrneS .^ e developed without it. For instance, the organisms that 
differ m f S p ^ i n lactating cows are numerous, but they are not grossly 
PrineM throughou t the world. Certainly, the same can be said for the 
i„ n ,„' P es °f animal breeding and the approximate amounts of energy 
by animals. 

inhibit-? , erac >' is highly desirable, its absence is not a complete 


Wier' Uf l ? livest °ck production. No matter what the level of literacy. 
Poetic 5 la res P° n d to most new ideas if they can be convinced by 
pi ' e monstration that changes will bring substantial profits, 
nhout T erS S i' ou i f i n °t depend wholly on governments to bring 
inflexib] an 5 es * n livestock production. Governments are notoriously 
Pn V;Ue f in their responses to rapidly developing opportunities. 
mir,i m )us i ness , given encouragement and left to function with a 
P’oduct' 11 i m P e diments, responds better. Therefore, the most 
IVe r °l e for government is underwriting those basic facilities 
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and services that require sustained investments over long periods of 
time— investments that will bring about an increasing flow of in- 
centives to attract private capital into the livestock sector. 


PROGRAMING FOR ASSISTANCE 
TO SMALL OPERATORS 


Earlier it was suggested that in countries where food resources are 
restricted animal production should be maximized by establishing or 
improving the efficiency of large enterprises. However, complete 
concentration on large enterprises would do little to improve the lot 
of the peasants or maximize total economic development The exist- 
ing pressures for broader distribution of lands for agriculture in 
countries where a very small segment of the population controls the 
° f >. lhe la , nd resources ca »not be ignored. Also if we 
n^n P l rmLjr’k XT" 0 ™ 3 development is a phenomena of 
and his -it ^ 1S capabilities to organize and motivate 

ance o a i * ? °r'?'" gS With his hands > attention and assist- 
“rno^i^X^r ° Pera,i ° nS b " eeded *° “■* most of 

he cSemd M S ° me mo '" ,menlaI illustrations of what might 
on the basis of r ures In P r0 S ra ms for small famis if results are judged 
in Tnmdld citS e X7r:^7l , ' e g - ,he eX T erienCe With dairying 
attempts in northern Cnlnmk^ ? * unsuccessful venture comes from 
holdings Colombian f 13 ° ' ncrease beef production on small 
coun, S ed,o a ™n loais7 erS T Sma11 ho,din g s ha '’ e been en- 
ing toed output fe™ PUFChaSe ^ With ** ‘"ten, °f -Prov- 

the land andTa^' toT™,* heCtares of land - He ]i ves on 

cassava along svith some fnr.V™ 0tS ° f P otatoes . vegetables, or 
0.5 hectares worked entirely ] J 0ta ' cu,t ivated land is about 

grasses. When the fertility of ^, hand ’ ' v,th d 16 remainder left to native 
i' npened, thus ^ratrl T"* ? 0t decli " ea , a new area 
were encouraged to obtain loan" to buv"th CulUvation - These farmers 
cause these could be expected to nJ-J™ f ows of caIvi ng age, he- 
expenence was that two of the c ' *i early returns. The average 

’ t ar aad 0* Urird one" calved a XTXk ^ duri "S *• firs, 
X-ars the f amu . r had cont ”' a ;. ear a *nr. bu, at the end of seven 

country S meat supplies Tins », 7 J ab ° ut four anima ls to the 

•ourt-es were restricted ,oihXXe CaU l Se r. ,he ' an<J gnlSS re ‘ 

dmgs and the animals produced had 
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little or no value at the market until they reached 400 kg weight at 4 
to o years of age The farmers were thus forced to sell the cows pur- 
c asc ' | onjpnally m order to have enough feed to grow out the young 
animals to an acceptable size for the market If these small operators 
wu have sold their calves at a reasonable price soon after weaning 
°°f.? r ^ rmers ^ or growing out, the program could have been suc- 
a S , S Thls example illustrates a deficiency in programing Never- 
c ess, the basic objective of assistance through provision of credit 
was sound 


" exce hent illustration of increased livestock production on 
a arms is provided by the Italian commune Borgo a Mozzano 
latitutT 11 ^ Although the area lies outside the N-S 30° 

elinvf 65 ' a < ^ l ® cu ^ tles encountered were similar to those of warm 
T e v CS us P ro g ra m involved a group of sixteen hamlets or villages 
jgg_ nica assistance in the form of advice was started in 1954, and by 
fte°li^ 0SS sa ^ a ^ e agncultural production was increased 136% In 
* S,l r g ^ lvestoc ^ products contnbuted less than 30% of total 
°f theT' ln livestock— chiefly cattle— contnbuted 38% 

f arm Th 13 fi "^' e calt ' e were kept at the rate of about four head per 
"as set G ” rSt pro ^^ em tackled was marketing A dairy cooperative 
cheese r? centTa ^ ze processing and to control quality of milk and 
a nt , e . , r;| d u ally farmers accepted the need to record the perform- 
ho n Q f e > r animals, and major diseases were controlled by elimma- 
fr 0tn lc ' a mmals, a policy made attractive to owners by support 
hiying 1 ^' 'T 1106 P°^ lcies Feed costs were reduced by cooperative 
s P e Wes f0ra S e su PPhes were expanded through the use of new 
mor e n 1 16 tTac ^ ltlona I cattle breed was gradually replaced with 
e mploy - uat ive stock Apart from helping to keep labor more fully 
P r °vided roroiigh the year and supplying a steady income, cattle 
ln °ron i means °h utilizing and manunng forage plants whose use 
s *j^ IOn benefited other crops 

lion, \vh S V, ^ ea tiire of this program was development of coopera- 
te imn C ' to S enera tion of the necessary capital to bnng about 

^fticipafl' e> I len ^ s ln Production and income Outside help consisted 
•ncentiy ^ ° ^ ea ^ ers ^ 11 P m introducing technology that produced the 
p rQ j^ S /j n ^ m otivation for the fanners 
hon in a* 1 ^ mos ^ spectacular development of livestock produc- 
tion area is the Kana Distnct Cooperative Milk Producer s 

^his start i ^ nc ^ Ia ’ w hich is centered about 400 km north of Bombay 
"ere abn ° 35 a ' *Hage milk collection scheme in 1945 By 1969 there 
tt 0n ?. 15,000 members m some 550 v ill ages (Kunen, 1970) The 

ec ts, processes, and dispatches about 100,000 liters of milk 
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daily in railtankers to Bombay (Khurody, 1967). The Union represent 
a cooperative developed through government agencies providin 
leadership and facilities. The need for providing facilities is er 
plained by Kurien: “Our experience in Karia District was that w 
could not fulfill our milk producers’ objectives until we had proces; 
ing and marketing facilities which enabled us to handle all the mil- 
which our producers wanted to sell all the year round.” Seasonal in 
balances in supply and demand, caused the cooperative to develo 
facdihes for handling milk products-that is. dry solids as well i 
whole milk The Union now maintains a feed mill, animal heall 
services, and record keeping for its members. 

I„dia U tn C r SfiiI , C ° J 0Penl,iVe , S haVe been es <ablished elsewhere . 
Patton ofda ^ production amo "S small fanners. Further e 
Tbe Plan cabs f a p VeS ' S unde ™>y through "Operation Flood 
mral mbk fheds r T “ P ,a „ 100 ’ 000 Cit >- ke P‘ milk animals in 

Sr urban centers U wilMl ^ *2 C ° ,,ac * ed apd P™»»« 

from the owners of n> o orgamze direct procurement of mi 

The main " "ose ofZ^° miUi ° n mi,ka "im^s in rural milk shec 
mentof the mral areas ThelMd™ 'V° “fi L” tlle economic develo' 
Dairy CooperaHon •n.e^bi^lv ‘. P r‘" bc Provided b >" »>e Indi, 
organization that the farmers cinV' „ aVean efficien t procureme, 
have shown that a trusted nmo niSt ' Previous experiences in Inc. 
farmers will invest to increase mnST 6111 ] 0rganiza *i 0 " must exist befc 
ment organization will be in direet Pr ° dUCt '° n ’ Agents of ,he Procui 
therefore, the organization shtrld h IT' "'V fenPerS f wice dail 
reaetto problems of farmers (Kurien, 1970) 6 ‘° bU ‘' d conIidence a » 

and capital inputs are dev'rfonimr" 8 degrees of technical assistan 
warm climate region. Manv are" 8 "I " umerous areas throughout t 
reform, while others follow the paUem ^ f" Bn . t , Scbemes involving la 

farmer needs is mfoTOation SdaTem 9W |l’ C ° ntend thal all the sm 
He claimed that after a simnf e d ™ onst ration of whatcan be do 
Sams of 60% on grazing ^nostra, ion of increased ani.' 

^simple soil mineral delS„cL T '' follo "’ i "S ‘he correct' 
Phosphorus the practice received V" a PP ,ica tion of cobalt s’ 
for L yedlhe impression that a few acce Ptance. Others hi I 
o the control of , icks le “£ “ 1 ’demonstrations of dipping ca . 

•nhal herders i„areas„fUganda^dl a ^ PtanCe ° f ,be Prices 
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From the foregoing reports it is readily evident no fixed model 
can be recommended for assisting small farmers It is impossible 
to argue with success no matter what the approach may be But in 
general it appears that the best programs involve development of co- 
operation or, put another way, the helping of farmers to help them- 
selves Motivation seems a high priority factor too The successful 
programs have focused on assistance in stabilizing markets as the 
mam motivator for change Development of marketing procedures 
usually requires the creation of cooperatives of one type or another 
In fact we can assume that some type of cooperative is necessary to 
get the best job done for small farmers It can serve many of their 
needs, including animal improvement When animals are kept in 
small units, the possibilities for genetic improvement by selection 
within the herd or flock are extremely limited As pointed out in 
Chapter 10, state operated seedstock herds are needed to distribute 
supenor males Cooperatives afford a means of supporting area pro- 
grams of this nature 


prospects for livestock 
development 

Those attempting to expand and improve livestock production must 
prepare their case well, or there will be little or no change They 
will have to confront the question How can nations that are ex- 
periencing pressures of increased population and lessening of per 
capita food afford the inefficiencies of food production through live- 
stock* 1 The comparison in Figure 19 1 of the number of days of protein 
requirements for a moderately active man that can be produced on 
0 4 hectares illustrates that livestock are relatively low in efficiency of 
Protein production per unit of land in comparison to white rice and 
soybeans With the world population expected to double in about 35 
years, many believe that animal protein will become a dietary luxury 
Animals also compete directly with man for much of his food protein 
coming from plants, animal production requires another step involv- 
ing additional inputs, risks, and time, and income levels ma> not 
permit the purchase of animal proteins m many regions of the world 
Furthermore, under current systems of management in some areas, 
livestock are preventing conservation practices needed to alleviate 
depletion of soil reserves, for example, m northern Africa and south- 
ern Asia the vegetative cover on 0 25 million hectares is almost 
completely, inundated annuallv hj nomadic flocks of sheep and goats 
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FICURE 19.1 
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Even though synthetic fibers have come into wide use, animal 
fibers have qualities that make them highly desirable for clothing and 
for other fabrics. Hence, whether animal fiber serves as the primary 
product or a secondary product, fiber production is a factor favoring 
animal production. Often we tend to overlook the importance of 
animal products other than food or fiber that serve our needs. These 
include leather, bristles for brushes, pharmaceutical preparations 
from animal glands, and the end products of the processing of live- 
stock products such as glue and gelatin or blood and bone meals. All 
these and numerous other by-products would be difficult to replace. 

Although machinery, such as the tractor, is becoming increasingly 
important in agriculture, animal power is still depended upon for 
over 90% of the farm power in much of Africa, southeast Asia, and 
Latin America. There remain many problems hindering the achieve- 
ment of anything like complete mechanization in these regions, in- 
cluding the size of farms, the costs of mechanization and fuel, and the 
abundance of manpower; therefore, the draft animal will be an im- 
portant factor in the agriculture of these regions for some time. And, 
of course, animals are also popular for recreation. 

In the U.S. the disposal of animal wastes has become a problem in 
targe, drylot feeding operations; but in the warm climates animal 
manure is useful as fertilizer, and will no doubt continue in use until 
commercial fertilizer plants become widespread and transportation 
Is greatly expanded. 

The flexibility of animals as transformers of feed into usable 
Products is among our major assets, and with developing technology 
'yill become even more important. Forages make up a large propor- 
tion of the ration for livestock. About 70% of the protein for the 
average dairy cow in the U.S. is obtained from forages. An average 
beef animal gets 60% of its protein from forages, and sheep from 80 
to 90%. In the warm climate region these proportions would be even 
higher. Furthermore, forages are often grown on lands that are sub- 
m arginal or entirely unsuitable for producing other crops. All live- 
stock use feeds that are by-products of the processing of human food 
items, e.g., wheat mill feed, rice bran, and molasses. In the harvesting 
cf crops, certain products are inedible for direct human consumption 
but can be converted to human foods through livestock. 

Animals have a wider capability than plants for fitting into dif- 
ferent environments. With some modification of the natural environ- 
ment most livestock will survive and give some performance. The 
road variation in environmental adaptation favors livestock. 

Another aspect often receiving inappropriate consideration in 
assessing the contribution of livestock in certain regions is the lack 
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of capital for mass production of crops and the necessary transporta- 
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nutrition is the most important of the environmental factors limiting 
production There is even doubt about the value of native cattle for 
milk production under improved environmental conditions But there 
is equally strong evidence that the utility of improved European 
breeds of cattle for the region is limited to at least some extent by 
precisely the same genetic differences that resulted from their in- 
tensive selection for performance under temperate conditions The 
basic principles of animal breeding appear to apply equally well to 
both indigenous livestock and those from temperate regions, there- 
fore, it becomes a matter of expanding or developing programs which 
will implement wider use of the principles of improved breeding 
Though generally not conclusive, a review of experiments on cross- 
breeding indicates that much wider use could be made of this system 
of breeding as the most rapid means of overcoming some of the serious 
deficiencies in the native stock, especially temperament m relation 
to response to the milking process Of course, there is an urgent need 
for specifying managerial systems in different climatic zones— hot, 
dry, and hot, humid— which will permit profitable use of improved 
stocks in the near future 

Milk production in the N-S 30° region requires basic investments 
in buildings, land, veterinary services, etc and these investments are 
needed irrespective of the breed type used The genetic potential for 
uulk production in a few indigenous strains will pay a modest interest 
on some investment, but under reasonably improved environmental 
conditions, crossbreds or high grade European types will be needed 

There is a need for stratification in beef cattle production m the 
region In many locations, cattle will have to continue to survive 
under severe environments, whereas, in others there is an increasing 
possibility of utilizing surplus grains, by-products, and improved 
Pastures for more intensive operations Under some management 
systems and in some environments, selection may have to await 
improved conditions while in others, intensive production and selec- 
tion for better growth rates are now possible Environments need 
evaluation and defining m terms of stocking rates as well as climatic 
conditions 

Encouraged by the successful recent introduction of new plant 
varieties and the performance of some crossbred animals, a few coun- 
tries contemplate a large utilization of imported stock Much atten- 
tion will be needed to secure adequate management for improved 
livestock, the human factor may be more important here than the en- 
vironment 

Exceptionall) long calving intervals are a primary contributing 
factor to reduced herd efficiency in cattle herds Problems of disease 
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and malnutrition are serious retarding factors, but even when these 
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selective improvement, especially with respect to meat and milk 
production. Programs for improving marketing methods and systems 
for better preparation of the animals through periods of good levels of 
feeding prior to marketing are highly desirable. 

Much greater attention must be given to programs for controlling 
diseases and parasites in order to reduce the present intolerable levels 
of mortality and morbidity. 

Farmers must also be helped to acquire the necessary technical 
and managerial skills. The speed with which this can be done will 
depend on the extent of local services. Although the outlook for such 
educational programs has generally been poor, the future prospects 
are much better because many of the scientific principles on which 
tropical livestock development policies ought to be based have come 
to light for the first time very recently. This greatly enhances the pros- 
pects that livestock industries can be developed to help meet food de- 
mands and in so doing contribute to the overall economy, rather than 
continuing to be parasitic upon it. 
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reproductive characteristics of, 583 
season of calving in, 579-580 
service age of male. 517-518 
services per conception of. 581-582 
service period of, 582 
sex ratio of, 577 

skin characteristics of, 91, 569-571 
susceptibility to disease of, 591 
sweat glands of. 571 
sweating rate of, 144 
thermoregulation of, 574-575 
utilization of urea nitrogen by, 573 
viability of, 576-577 
water requirements of, 573 
Buffalo (St/nceru* coffer), 56-1 
Buffalo grass (See Pennlsetum ctlare L.) 
Butter making, 621-625 
Butter oil, 624-625 




v-iicao pod meal, 218, 

Calcium 

animal requirements for, 510-511 
and hydroxide, deligmfying, 244-245 
and phosphorus ratio, 210-211, 213 
suitable sources of, 510 
Calf 

mortality 

m buffalo, 592-593 
in cattle, 286-288 
rearing, 479,515-520 
Calving interval 
of buffalo, 582-582 
of cattle. 375, 377 
of Criollo breeds, 288 
genetic basis of, 329 
of Harro cattle, 288 
hentebilityofiSee Hentability) 
ot Zebu cattle, 268, 288 
halving percentage 
effect of temperature on, 122 
Camei an ° US counlnes ’ 4 10-4 11 
number of, i n tropics, 283 
thermoregulation of, 87-88 
varieties of, 283 
Cancer eye, 318 
Canning meat, 645 
X* rabao > 569. 580, 585 
characteristics 

ot buffalo, 590 
andhy-products, 641-643 
of fet-ta.led sheep, 554 

ofRambouin^ sheep^j 
mers ’ ^normalities of, 317 
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Cassava 

feeding value of, 218, 229-230 
hydrocyanic content of, 229-230 
in swine feeding, 230 
toxicity of, 229-230, 251 
Castration of males, 533-534 
Cattle (See also Beef production, Zebu, 
names of individual breeds) 
age of calving of, 288, 328-329 
capacity to acclimatize of, 114 
characteristics of native types of, 154 
congenital disorders of, 317-318 
genotype environmental interaction of, 
291-295 

growth rate in tropics of, 4-6 
heiding systems of, 273-274 
indigenous to 
Africa, 269-271, 272-273 
Indian subcontinent, 264-269 
Latin America, 270-272, 274-275 
Northern Australia, 272-273 
maintenance requirements of, 302 
native to tropics (See also Character 
istics of native stocks, names of 
individual breeds) 
age of calving of, 288, 328-329 
calving interval of, 372-374 
coefficient of variation of milk yield 
of, 327 

correlation of milk and lactation 
length of, 328 

daily gams 0 f, 289-290 
days open of, 337 
dry period of, 337 
gestation length of, 269 
influence of death of calf on, 289 
lactation length of, 268, 270-271, 

372, 374 

main types of, 264-265 
mature weight of, 267, 269-270 
milk constituents of, 327 
milk let down of, 330-331 
milk yield of, 267, 269-270, 274, 
285-289, 372, 374 
Puberty age of, 268-270, 327, 517 
random bred, 326-327, 339, 372- 
374, 377 

season effects, 337 

selected, 326-327, 339, 372-374, 377 
solids not fat percent in. 118 
temperament of, 269, 271, 289, 331 
canahihtj of milk yield oh 285. 372, 
3<4 

liability of, 286-288 
^umbers of, m warm climates, 5 

pisture of. 


recommended time of calving of, 
518-519 

reproductive disorders of, 430 
sebaceous glands of, 140 
symptoms of mineral deficiencies m, 
210-212 

Cattle grubs ( Dermatobta spp), 467 
Centroscma pubscens (Centrosema), 201 
Characteristics of native stocks 
body configuration of, 146 
body conformation of, 146-150 
hump of, 146-150 
length of legs of, 150 
pelage of, 139-140 
sebaceous glands of, 140 
skin of, 140, 142 
surface area of, 145-146 
sweating rate of, 143-144 
sweat glands of, 143 
Charbray cattle, 380, 386 
Charolais cattle, 265 
in crossing, 342, 360 
double muscling of, 317-318 
Charqui meat, 644-645 
Cheese 

factones for nomadic herding, 559-560 
making, 616-621 
origin of, 616-618 
types 

fermented, 619-621 
non fermented, 616-618 
Chemical treatment of feeds, 244-245 
Chemostatic regulation of appetite, 106 
Choosing suitable forage, 190-191 
Citrus pulp, 218, 228 
Climate 

definition of, 23 
elements of, 27-47 
Climatic classifications, 47-53 
Cloud cover, 46 
Cobalt 

deficient areas, 212 
deficiency symptoms, 211 
requirements, 512 
Coffee 

meal, 223-224 
pulp, 218, 223-224 
Cold, effect on milk yield, 114 
Comfort zone, 76 
Composition of animal and plant 
products, 218-219 

Concentrate feeding to increase milk, 196 

Concentrate feeds, definition of. 502-503 

Conduction, 69-71 

Confined rcanng, 532-533 

Congo grass, 206 

Cooking cereal grains. 243 
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Conservation of forages, 498-502 
Control of parasites during grazing, 465 
Convection-evaporation, 73, 91 
Cooperatives, 680-681 
Copper 

deficiency symptoms, 211 
requirements, 512-513 
Copra cake, 224 
Com by-products, 222 
Com cobs, 219, 222 
Com silage plus urea, 240 
Com stover, 222 
Corpus luteum, 121, 123, 429 
Corrective matings, 358 
Correidale sheep, 381 
Costeno Con Cuemos cattle 
age at first calving of, 288 
calving interval of, 288 
characteristics of, 270, 275 
dry penod of, 288 
lactation length of, 288 
milk yield of, 287-288 
Cottonseed cake, 218, 231-232 
Cottonseed meal, 218, 231 
Cow manure as feed, 236 
Creep feeding. 515-516 
Crimson clover ( Trifolium 
incamatum ), 199 
Crrollo crosses, 371, 375 
Criollo type cattle (Sec also Cattle, 

Latin America) 
age at first calving of, 288 
in beef production, 295 
characteristics of, general, 17, 154, 265, 
270-271, 274-275 
in crosses, 359, 371, 375 
dry period of, 288 
hair coat of, 139 
lactation length of, 288 
milk yield of, 116, 288 
skin of, 139 
tick resistance of, 321 
Crisscrossing, 365-366 
Crossbreeding 

application of, in tropics, 365-388 
definition of, 323 
determining ment for, 366-367 
economic gam from. 366-367 
European breeds 
beef, 360-361 
dairy, 361-362 
sheep, 362-363 
heterosis (See Heterosis) 
in 8uence on 
hair coat, HO 
internal anatomy, 152-154 
milk yield, 367 


nattve-European dairy, 369-377 
native- European sheep, 362-363 
poultry', 364-36-5 
swine, 363-364 
systems, 365-367 
use in breeding of, 323-324 
Zebu -European 
beef, 367-369 
dairy, 372-377 
Culling for sterility, 438-440 
Cultivated land, tropics, 172 
Cultural practices, 16, 667-668 
Curing of 

bides and skins, 642-643 
meat, 646-647 
Cutchi goats, 280 

Cynodon dactylon L. (Bermuda grass), 

186 

Cynodon plectostachyum (Giant Star 
grass), 186, 485 
Cystic 

follicle, 429 
ovaries, 417-418, 430 

Dahi, 614 

Daily solar radiation, 36-37 (Sec also 
Radiant energy) 

Dairy merit, determination of, 376-377 

Dairy processing plant, plans for, 604-605 

Damietta cattle, 269 

Dandarawi poultry, 365 

Date stone meal, 218, 225 

Days from calving to first estros, 122, 433 

Dehydration, 89 

Dehgnification of feeds, 244-245 
Delignifying sugarcane bagasse, 244 
Dennafobia spp (cattle grub), 467 
Dermatobio hominii (cattle fly), 320 
Deshi cattle 

age of, at first calving, 288 
characteristics of, 12, 267 
dry penod in, 288 
lactation length o£ 288 
longevity of, 332r-333 
milk yield of, 288 
Desi poulby, 365 

Det modus nufus (vampire bat), 470 
Determination of 
abnormalities, 317 
dairy ment, 376-377 
pregnancy, 438 
Devices, heat checking, 435 
Dewlap, Zebu cattle, 93-94, 146-147 
Dew point temperature, 32, 49, 57 
Diethylstilbestrol, 248-249 
Digestible energy, 103, 108 
Digestibility crude fiber, 572-573 
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Digitana decumbens (Pangola grass) 
characteristics of, 185 
cutting height of, 485-486 
nutritive value of, 189 
response to nitrogen of, 192, 194, 483 
seeding of, 191-192 
Dipping, tick control, 368, 469 
Direct radiation, 39 ( See also Radiant 
energy) 

Disease 

common to livestock, 319-320 
control methods 
antibiotics, 465 
biological, 467 
drags, 464-465 
genetic, 319-321 
sanitation, 473-474 
vaccination, 457-458 
genetic resistance to, 319-321 
immunity, 458 
infectious, 456-462 
non infectious, 462 
nutrition effects on, 462 
susceptibility to, 471-473 
Diuresis, 88 
Doldrums, 39 

Dohdios axctllans (legume), 199-200 
Dormer sheep, 380 
Dorset sheep, 123 
Double mating, 442 
Double muscling, 317-318 
D'alt capacity, 123, 589 
ressing percentage, 554, 590 
Drivelling salwa, 88 
Droughtmaster cattle, 380, 383 
DO cures, meat, 646 
rylot feeding, 496-506, 532-533 
UT Y matter 

intake of, 501, 572-573 
nil** es timation of, 488-490 
O milk products, 625 
DO pcnod, 288, 337. 375 
Drj slaughter, 634 

D"V" ln =- 346-348, 364 
D 'arfism, 317-318 
Djstocia, 123, 417 

East Mn nf !' eat regulation, 93 
Has Af " Zc,ui ca,lle - 359, 425, 483 
East rl"?) Tcso Zollu cattle, 333 
4TI * 'C'cr. 11. 293, 320, 458-459. 

™ 670-675 f llves,I,c1 ' Production. 

* Scc Estonia! parasites) 
EEiltj ' r * e 1' per, t | "c. 53. 115-116, 124 
1 inbrttding, 353-358 


Efficiency of feed utilization, 103 
Efficiency reproduction ( See Breeding 
efficiency. Reproduction) 

Egyptian buffalo 
age of at first calving, 58G 
characteristics of, 568-569 
longevity of, 584 
mature weight of, 566 
rate of gam of, 590 
season of calving of, 585 
Endocrine glands, 85-86 
Endoparasites ( See Internal parasites) 
Elephant grass (See Penmsetum 
purpureum) 

Environment 

characterizing, 55-60, 668-669 
importance of, for animal production, 
302 

profile of, 57-60 
variables, 23-47 

Enzymes and rumen cultures, 250 
Epistasis, crossbreeding, 323 
Equine encephalomyelitis, 456 
Erthormta crassipes (water hyacinth), 
232 

Essential minerals, 509-510 
Estimation of feed requirements, 253, 
256 

Estimated producing ability, 306 
Estrous cycle, 425, 580-581 
Estrus detection, 120-121, 425, 428, 
434-436, 594 

Ethamol, protein feed, 233 
Evaporation 

from body surface, 31 ( See also 
Sweating) 
cutaneous, 78 
respiratory, 30, 66, 82-83 
Evaporative cooling m swine, 522 
External parasites 
blood sucking, 466-467 
control of 

by agents, 470 
methods for, 468-469 
disease transmitting, 46S 
economic losses due to, 468 
nuisance t>pes of, 467 
Extraction rate ( See Annual extnction) 

Factors favoring animal production, 
18-20, 682-684 
Fat storage. 95, 554 
Fa>oumi poultrv, 365 
Feed „ 

intake and thermal stress, 102-107. 
110.495-497 

supplies, fit tors hrmtine 168-1#- 



698 INDEX 


Feed additives 
antibiotics, 245-246 
arsenic compounds, 250 
enzymes, 250 
hormones, 248-250 
rumen cultures, 250 
Feed budget, 477-480 
Feed efficiency ( See also Forages) 
influence of temperature on, 107-110 
and milk yield, 333-334 
Feed requirements, 253 
Feed-year system, 482 
Feeding concentrates (See also 
Concentrates) 
to balance diets, 503-505 
feasibility in tropics of, 504-506 
Feeding, general 
In arid regions, 544, 557-558 
of dry tows, 479 
of ewes, 470-480 
of hay, 501-502 
in hot climates, 533 
of green chopped forages, 408-490 
plans for, 477-480 
of silage, 407-502 

standards for, 109, 253, 256, 574-575 
and strip grazing. 484 
Feedstuff* in tropics. 218-234 
Fermented milk, 614-616 
Fertility, effect temperature, 120 
Fertilizer 

effect of rainfall on, 493 
for grass-legumes, 493-495 
recommended u*e of, 492-494 
use of in semi-arid regions, 205 
timing of applications. 194-195 
Fuh 

meal, 218, 226-227 
_ soluble Bour, 233 
Fitness charactenstit*, 302 
fleece rot. 320 
Fleece worms. 467 
Flushing, 423 
Foot rot. 319-320, 461. 550 

mouth disease. 456-457. 461, 

Forages (See a/io Pastures) 
calcium deficiencies in, 210 
crude fiber in, 176 
crude protein in. 178. 193-194 
digestibility of, 176- 17H 
dry matter in, 178, 189 
estimated yield* of, 4S.S-492 
fendmtmn of. 178-179 
hay fm. 501-502 
improved grasses for. 181- l‘(Q 

I mjirm ing product i\ i|> n f. 162-203 

iniaU of. 503-503 


leaf-stem ratio in, 193-194, 490 
lignin content of, 177-178 
losses from trampling, 493 
and milk yield, 181-182 
mineral deficiencies of, 216-213 
nutritive value of, 175-179 
phosphorus deficiencies in, 210 
problems of environment for, 167-172, 
495-497 

potential, 179-182 
protein content of, affected by 
fertilizer, 193 

quality control of, 484-486 
rainfall distribution and, 178 
recommended cutting height of, 
485-486 

response to intensive management of, 
181-182 

response to nitrogen of, 187, 192-196 
response to phosphorus of, 193 
effect of harvest season of, on 
digestibility of, 179 
seed production of, 183 
seeding, 191-192 

effect of silica in, on digestibility of, 
179 

grown on small farms, 405-406 
soluble carbohydrates in, 179 
supplies of, in India, 207-209 
TDN content of, 177 
vitamin deficiencies in. 212-213 
Formic acid, added to silage, 501 
Frozen semen, 444 
Fruit by-products, 227-278 
Funicular muscles. 212-213 

Germ plasm farms (See Seedstock farms) 
Ghee, 588, 623 
Cene pool, 379. 383 
Generation interval, 308-309 
Genetic 

basis of crossbreeding, 323-324 
correlations, 308, 325 
differences within species, 284-290, 
303 

improvement rate. 304-310 
progress. 304-310, 315-316, 326 
standard deviation, 303 
Genotype-environmental interactions in 
ijeef production, 204-295 
dairy production, 291-294 
poultry, 297-298 
sheep. 296 
swine, 296-297 
Gestation length of 
buffalo. 581 
cattle. 269 

Gir cattle. 265.331 
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Goats 

breeding tune of, 425, 428 
meat breeds of, 280 
milk breeds of, 280 
milk yield of, 279-280 
numbers of, 279 

phenotypic characteristics of, 279-280 
puberty age of, 280 
susceptibility to diseases of, 471-472 
effect of thermal stress on, 279 
time of slaughter of, 559 
tolerance to poor feed of, 279 
twinning in, 280 
water requirements of, 509 
Goitrogen, feed additive, 250 
Gonadotrophin, 422 
Gossypol, cottonseed meal, 237 
Grading up, 324, 386-395 
Grasses (See Forages, Pasture, names of 
individual species) 

Grasses seeded among trees, 209 
Grasslands 

in semi-arid areas, 203-205 
,n South Africa, 174 
in tropics, 173-175 
Grazing 

day VS night, 495-497 
and factors limiting intake, 495 
management of, 480-497 
seasonal variation of, 8-9 
and water requirements of animal, 507 
p ree " chopped forages, 490-491,496-499 
grinding feeds, 242-243 
Gross efficiency, cattle, 114-115, 333-334 
Ground radiation, 36 
rowth rate, cattle, by regions, 4-7, 
518-520 

rowth stimulators ( See Feed additives) 
a emala grass ( See Tripsacum laxum) 
nca grass (See Pantcum maximum) 


Hair coat depth, 140 
‘”>r color 

absorption radiation, 37 
inn renec hvity, 37 
••alltVar cattle, 266, 268 
■tanana cattle 
S' ? f ' at first calving, 288 
in K interval of, 288 
naractcnstics of, 266-267, 289 
•petition lenitth of, 288 
'onRcvit, of, 332 
mill, vivid of, 288 

Harrn mttlc 

“Rc-of.at first caKinp, 288 
K, , I’ 15 ,n <«val of, 287. 419 
Hmcth of. 288 
m, *k yield of, 287-288 


Hay making, 501-502 
Health ( See Animal health) 

Heartwater, 370 
Heat 
loss 

from alimentary tract, 71 
from conduction, 72-73 
from conduction-convection, 73 
from drivelling saliva, 84 
from evaporation, 30-31, 71-72 
from funicular muscles, 95 
mode of regulation of, 75-90 
radiation, 73 

regulating centers, 68-69 
respiratory tract, 30-31, 82-85 
production 

failure to regulate, 89-90 
metabolic, 66 

mode of modification of, 75 
regulating centers of, 68-69 
sources of, 73-75 
regulation 

in acclimatization, 96-97 
centers, 68-69 
failure of, 89-90 
m hot environment, 73-90 
Heat checking devices, 435 
Heat exchange, physical processes, 69-73 
Heat stress ( See Air temperature. Thermal 
stress) 

Heat tolerance ( See also Adaptation, 
Assessment) 

differences among breeds, 131 

indices, 129-137 

influence 

on crossing, 135-136 
of previous exposure, 135 
repeatability of, 135-136 
test for, 129-137 
Heating feedstuff’s, 243-244 
Herding, nomadic, 405, 550-560 
Heifers, influence of temperature on, 
111-113 

Hemoglobin levels 
of buffalo, 572 
and reproduction, 121 
and thermal stress, 66 
Herbicides, 191, 486 
Herd replacement, rearing, 479-517 


Icntability _ 

of age at first calving, 578-5 <9 
of age at first conception, 578 
of beef traits, 339 
of calving interval, 325-326, 584 
of dairy traits, 325-326 
method for estimating, 303-305 
of milk >ield, 325-326, 586 
of reproductive efficiency. 3~5-3~6, 416 
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lleritability (continued) 
for sheep, 343, 547 
for swine, 347 
Heterosis, crossing 
of beef breeds, 360-361 
of dairy breeds, 361-362 
genetic basis of, 323-324 
and line-crosses, 354, 356 
maximizing, 365-366 
of native- European breeds, 369-372 
of poultry breeds, 365 
of sheep breeds, 363 
of su>ine breeds, 364, 367 
of Zebu breeds, 367-369 
High-lysine com. 233-234 
Hog cholera, 456 
Homeostatic mechanisms, 113 
Homeothermy, 68, 74 
Hormones 

from endocrine glands, 85-86, 124 
as feed additives, 248-250 
and reproduction, 422 
Horn flies (buffalo flies), 467 
Horses in the tropics. 5, 283 
Housing (See Shelters) 

Humane slaughtering, 638-640 
Humidity (Spe Atmospheric humidity) 
Hump, Zebu cattle 
attachment of, 149-150 
Cat content of, 95 
in heat loss, 93 
in locomotion, 149 
influence of. in crossing, 148 
Hybrid boars, 357 
Hydrocyanic acid, 229-230 
Hydrogen peroxide, 611-612 
llygrothermograph, 32 
ilyparrehemta rufa (Jaragua grass), 
185-186 

Hyperventilation, 83-84 
Hyperthermia. 78 
Hypoplasia, reproduction, 416 
Hypotlialamus, 68-69. 97 


by selection (See Selection) 
of natural grasslands, 184-190 
of semi-arid grasslands. 203-205 
Inbred lines of 
cattle, 354 
sheep. 380 
swine, 356 
poultry, 357-358 
Inbreeding 
definition of, 322 
effects of, 353-358, 441 
Incentives, producer, 13-14, 65S, 

663 

Incomplete records, adjustment of, 
335-336 

Indigenous cattle (See Africa, Cattle; 
Zebu cattle) 

Indigenous vs improved stocks 
adipose tissue, 153 
body configuration, 146 
body conformation, 146-150 
digestive efficiency, 151 
general characteristics, 154 
internal anatomy, 152-155 
length of legs. 150 
maintenance of heat balance, 150 
metabolic heat production, 150-157 
pelage, 139-140 
performance, 155-157 
rumen fermentation, 152 
sebaceous glands, 143 
skin pigmentation, 142 
suitability in warm climates, 139-155 
surface area, 145-146 
sweat glands. 143 
sweating rate. 143-144 
Indubrasd cattle, 271-272, 380. 384 
Inefficiency, reproductive (See 
Reproductive inefficiency) 

Infectious agents, disease, 456-462 < See 
also Animal health) 

Infrared radiation, 33 
Inherent abnormalities, 317-318 


Ibena heat tolerance test, 129-131 
Ice cream, 625-626 

Ilia warm Shorthorn cattle, 91, 272-273 
Immunity 

defense mechanisms, 471 
Induced. 45S 

from internal parasites, 464 
permanent. 458 


temporary, 458 

Impact of hot environment, 65-68 <Se. 

«Iio Thermal stress) 

Improvement 


of beef production. 341-342 
of breeding efficiency. 432-140 


Inhibitors for livestock production, 7-18, 
167-175, 655-661. 667-668,677-687 
Insensible perspiration, 71 
I mens lficahon of labor, 404-406, 670-674 
Interaction genotype and environment. 
291-298 

Interalleiic interactions, crossbreeding, 
323 

Interbreeding of crosses, 387-388 
Internal parasites 
problems of, 463-466 
treatment for. 465-466 
Iodine requirements, 512 
Iron requirements, 512 
Irrigation, pastures, 484 
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Jaffarabadi buffalo, 565-566 
Jamaica Hope cattle, 379-380, 385 
Jamaica Red cattle, 380, 385 
Johne’s disease, 472-473, 551 
Jumnapari goats, 280 
Jungle fowl, 297 

Kankrej cattle, 265 
Kapok bush, 200 
Karakul sheep, 546-547, 553 
Karoo shrub pastures, 174-175 
Kikuyu grass (See Pcnntsetum 
tlandcsttnum) 

Koppen classification of climate, 47-48 
Kudzu (See Puerana phaseohdes) 

Kun cattle, 269 


Lacombe swine, 356 
Lactation length (See also names of 
mdwtdual breeds) 

of cattle, 268, 270-271, 288, 328, 372, 
374-375,377,420 
relation of, to milk yield, 326 
Lactic acid 
in meat, 630-631 
and tropical grasses, 1 1 
Lamb dysentery, 550 
Lamb rearing, 516-517 
Land tenure systems, 16 
Land use, tropics, 172 
Landrace swine, 364 
Lands, tropics 
arable cultivated, 172 
cultivated, total, 172 
Potentially arable, 172 
total, 172 
Langley, 36-37 

atm American grasslands, 173, 305 
Leal stem ratio, grasses, 490-492 
Lcc/ie agrta, 614 
Legumes 


"> mtural grasslands, 196-197 

10r Pastures, 196-203 

Potential for, 202-203 

raasons for restricted use of, 197-198 

rasponse to fertilizer of, 198 

“id liulenolouy. 202 

set-ding of, 202-203 
I °f» for grazing, 199-201 
1 -i Umc Krass P whiles, 484 
I # h U, ! lu V nis leaf meals, 232 
cthals, livestock, 317 

1 i»!, C ? CI, r ltutoct Pbala„ 200 
lY 0 of Wales, 4-10-442 
466-167 

l|p’! *^40 (Stt u/so Photopcriod) 
tnift content or forages. 177-178 
n ’ 354, 356 


Litter, poultry, as feed, 235 
Liver flukes, 463 
Livestock development planning 
and assistance to farmers, 655-666 
characterizing environment for, 
668-669 

cultural inhibitors of, 667-668 
defining goals of, 656-658 
economics of, 670-676 
general considerations regarding, 
654-655 

government involvement in, 661-663 
immediate vs long-range, 666-667 
and intensification of labor, 404-406 
initial goals of, 655-656 
and package practices, 655-656 
and purpose livestock are to serve, 
664-665 

requisites for, 677-678 
small farms and, 405, 655-656 
Livestock improvement, needs for, 18-20, 
684-687 

Livestock potential, 18-20, 681, 687 
Llama, 284 

Long infrared radiation, 37-38 
Longevity 

of buffalo 584 
of Cnollo cattle, 332 
of European dairy breeds, 332 
of Zebu cattle, 332-333 
Louisiana White Dutch clover ( See 
Tnfohum re pens ) 

Machine milking, 329 
Macrochmate, 23 
Madagascar Zebu cattle, 513-514 
Male 

effect of temperature on the, 118-120 
m reproductive efficiency, 440-442 
reproductive tract of, buffalo, 575-576 
service age, recommended, 517-518 
Management 
definition of, 400-401 
development programs, 406-407 
of feeding, 477-486, 495-505, 515-520 
of grasslands 480-497 
of health problems, 454-473 
of reproduction, 410-449 
sheltering livestock, 520-533 
of various types cattle, 406-408 
Manigemcnt requirements, 211, 513- 
514 

Manure as fertilizer, 493 ^ 

\f \P (progesterone compound) 436-437 
Marek's disc* ise, 3 19 
Marketing sv\ me, 347 
M istitis, 319 

Man 1 md No I sw me. 356 
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Mating systems, 321-334, 353-354 
378-379.383-384,386-395 
Mature weight ( See also names of 
individual sjtecies) 
of African cattle, 269-270 
of buffalo, 566 
of cattle, 267, 269-270 
Means of heat exchange, 69-73 ( See also 
Heat, Thermal stress) 

Meat 

buffalo, 589-590 
characteristics, 630-632 
handling regulations, 637-638 
inspection, 638 
preservation 
canning, 645 
curing, 646-647 
drying, 643-645 
refrigeration, 641, 647 
smoking, 645 

slaughter facilities, 632-637 
Meat scrap, 218, 226-227 W 
Meat yields, countries, 18-19 
Mehsana buffalo, 566-567 
Mejengestro 1 acetate (MCA) 437 

Merino sheep 
crosses of, 555 
distribution of, 155 
fertility of, 123 
resistance to disease of 

Metntis, 429-430 
Microclimate, 23 

Midges, 467 

■;;w.oty- a „ 8 e,48(M8 1 ,54 1 , sso 

collection schemes, 611-612 
composition, 327, 586-588 

H7-lS’ en “” re c °»«Kuent,of; 

60^612 d con,um Ptian, 

SStnEfe 330 ' 331 


Milk constituents 
in buffalo, 587 
in cattle. 587 

Milk per day calving interval, 375 
Milk yield (Sec also Breeds) 
of African cattle, 270 
of buffalo, 584,586 
coefficient variation, 285 
differences among breeds of, 286-288 
distribution in breeds of, 286-288 
incomplete record adjustment for, 336 
inlluence of death of calf on 289 
persistency of, 331-332 
Minerals 

essential for livestock, 509-510 
tor grazing animals. 514-515 
mixtures of, 509-515 
supplements of, 239 
Minnesota No. I swine. 356 
Minnesota No. 2 swine. 356 
Minnesota No. 3 swine, 356 
»!, , Rraz,n K and cropping, 209 

Mixed semen, value, 442 
Mobile field abattoir, 636-637 

‘aE-s-P.wr.wwM 

from citrus, 224, 228 
from pineapple, 224, 228 
from sugarcane 

feeding value of, 218, 224-225 

ssirsKsr'*"*-™ 

Molasses grass'^ee tM, “P 
Mm? 1 /’’ *” l,ves, "t. 455 

3^3353^°-“-* 

^•rarei'l! 658-661 

Murrah buffklo 
characteristics of, 564-56S 

■sstsa-sss--- »f. 

milk composition of, 586-587 
sweating rate of, 144 587 

Nagpuri buffalo, 566-567 

Na ^{fS% P Sweb,eed"’ , ’“ r '“” ,) 

llatiiral SSS* ° rm,ivi ’ 
in 1*1 f Cabons °f. 173-174 

n 'an subcontinent, 203, 207 
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in Latin America, 173, 205 
and man, 206-207 
mineral deficiencies in, 174-175, 
210-213 

in monsoon belt, 174 
productivity of, 179-180 
protein deficiencies of, 174-175 
Natural selection, 264-291 
N Dama cattle, 269-270, 340 
Neonatal calves, buffalo, 570-571 
New breeds of 
cattle, 379-388 
sheep, 380 
swine, 356-357 
New Castle disease, 472 
Nganda cattle, 387 
Nguni cattle, 91, 269, 416 
^ e '^Hampshire Red poultry, 

N«ght grazing, 495-497 
Nib buffalo, 566-567 
Nocturnal breeder, 580 
Nomadic tnbes, 276-277 
Non genetic factors m livestock 
improvement, 309-310 
Non leguminous leaf meats, 232 
°n protein nitrogen compounds ( See 
also Urea) 

metabolism of, by ruminants, 237-238 
'n mixtures, 240-242 
recommended feeding levels of, 237 
sources, 236-238 
supplementing pastures, 239 
synthetic supplements, 237 
on return rate ( See Reproduction) 
Nomad, c herding of sheep 
disease problems and, 550-557 
leed supphes and, 544, 560 
Problems abolishing, 405, 560 
p ™ uct '°n methods for, 544-552 
skills of herders, 556 
Nubian goats, 280 

Nim^i?" m 'eProduotion, 421-423 
ymphomaniac condition, 429-430 


Oocampo cattle, 380 
cu ar carcinoma (See Cancer eye) 
Ungole cattle. 265 
rgano-phosphorus compounds, 465 
JJuda goats, 281 
^breeding, 322-324 
Crossing, 322 
'er dominance, 323 
O* * \ arics (Sec Sheep) 

°'ulatmn time of 
blJ ffdo. 580-581 

120, 427-428 


sheep, 436 
swine, 436 

Palouse swine, 356 
Panama sheep, 380 
Pangola grass (See Digitarta 
dccumbens) 

Pantcum maximum (Guinea grass) 
characteristics of, 184-185 
cutting height of, 485-486^ 
nutritive value of, 179, 189 
response to nitrogen of, 192, 194 
seeding of, 191-192 
Pantcum purpascens R (Para grass) 
characteristics of, 186-187 
cutting height of, 485-486 
nutritive value of, 189 
response to nitrogen of, 192, 194 
seeding of, 191-192 
Para grass ( See Pantcum purpascens R ) 
Parakeratosis m swine, 513 
Paratuberculosis ( See Johne's disease) 
Parbendazole, drug, 465 
Pasture ( See also Forages, Natural 
grasslands, Grazing) 
carrying capacity, estimation of, 483- 
492 

continuous vs rotational grazing on, 
480-481, 483-484 
crude protein from, 175, 209 
fertilizing grass legume on, 493-495 
improved grass species for, 184-190 
improvement of wet dry regions of, 
205-209 

legumes on 196-203 
legume grass on, 484, 493-494 
losses from trampling on, 493 
mineral deficiencies on, 210-213 
mowing of, 484-485 
nutritive value of, 175-179, 483, 488- 
492 

potential tn tropics for, 180-182, 480- 
497 

quality of, fictors influencing, 478, 
489-492 

removal of excess growth from, 483- 
488 

requisites of good species for, 183-184 
seeding of, 191-192, 204 
in semi-and regions, 203-205 
sod seeding of, 494 
stocking rate of, 486-489 
summer annuals on, 494-495 
supplementary feeding on, 503-506 
use of fertilizer on. 192-196. 492-491 
use of irrigation in, 481 
weed control on, 486 
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Pasture ( continued ) 
with nut trees, 209 
yields per animal, 487-488 
yields per hectare, 487-488 
Pathogenic diseases, 456-458 
Peanut meal, 218, 225 
Pedigree, types, 310-312 
Pelage of 

buffalo, 92-93, 569-571 
cattle, 92-93, 140-141, 154 
European breeds, tropics, 140-141 
native vs. European breeds, 154 
sheep in semi-and regions, 549-550 
Pennisetum ctlare L. (Buffalo grass), 188 
Penimetum clandestinum (Kikuyu 
grass), 188 

Pennisetum ptiqiureum (Elephant or 
Napier grass) 
characteristics of, 184 
cutting height of, 486 
green chopping of, 498-499 
nutritive value of, 189 
response to nitrogen of, 192 
seeding of, 191 

Perfonnance adaptability, 129, 131. 135- 

Pm'iST ° tmil , k yie,d - I57 ’ 331-332 
Persistent corpus luteum, 429-430 
Phenotbiazine, 465 

Phenotypic chatacteristic,. Zebu 

303 

deficiency 

of forages, 210-213 
in semi-and regions, 175 

sluin’ toms in an,rnals ' 210 
suitable sources of, 510-51 1 
supplements, 239-240, 510 
I notopenod 
definition of, 45 

importance to anlmals of ^ 

PW 6 re P r °duction and, ll££o 
Pnotosensitization, 471 
IT adaptability 129 157 
Pineapple products. 218 2 28 ’ 
Piroplasmosis, 320 
Pituitary gland, S5 
* tanning of 

fewTliri ProRrams ' 388-395 

jeed budgets, 477-480 

Planri ,OCl P [ 0sram5 - 62M587 
p,* b >Pmducts, 220-227 
Hasbcanim,! shelSlg 
Poisonous substances 
skitoodes, vetch, 251 
h>drocjamc acid, cassava, 251 


luintana leaves, 251 
prussic, acid sorghum, 251 
rancid feeds, 251 
Post-weaning gain in 
cattle, 9-10, 289-290 
sheep, 558 

Poultry (See also names of individual 
breeds) 
diseases, 472 

egg production of native breeds of. 
289-290 

feed intake under thermal stress, 102 
genotype-env ironmcntal interaction 
of. 297 

inbred lines of. 357-3-58 
litter as feed, 235 
optimum temperature for, 110 
number, N-S 30’, 5 
rations, 254 

selection for disease resistance of. 319 
slaughter facilities for, 635 
slaughtering of, 638. 640-641 
water requirements for, 507 
Polworth sheep, 380 
Postpartum estras, 426-428 
Potassium requirements, 513-514 
Precipitation (See Rainfall) 

Predicted breeding value, 306 
Pregnancy determination, 438 
Preslaughter handling, 638-610 

210-273 ,h mmera ' S 3nd v,tamins - 
Producer incentives, 13-14, 658-663 
Profiles, environmental, 55-60 (See also 
Environment) 

Progeny test, 312-314 

rSSST rei,roducl '™' <37-438 
female uterus, 431 
male prepuce, 418 

pIZS t H l,VeStOCt - I8 -2». 681-687 
rrotozoa diseases, 459-462 
Puberty tSec alto Age at fir5 , 

parturition name, of indUldual 
svecies) 
female 

3 r l b I eed effects, 420 
of buffalo, 577-578 
effects of crossing on, 328 

of 328 517 

influence of nutrition on, 421 423 
of native cattle, 268-270 
oi sheep, native, 544-545 
of Zebus, 328 
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male 

of buffalo, 578 
of cattle, 441 
of rams, native, 545-548 
Puerana phaseoloides (Tropical kudzu) 
characteristics of, 200-201 
cutting height of, 200 
pasture mixture of, 202, 484 
seeding of, 201 
Pyranometer, 36 

Quality of pasture, 489-492 
Quality of semen vs temperature, 118- 
119 

Quasar cattle, 380-382, 419 
Queso blanca cheese, 619 


Rabbits, heat loss, 72 
Rabies, 456 
Radiant energy 
and angle of sun, 35 
bom animals, 73 
importance to animals of, 33-34 
measurement of, 36-38 
and oibness of hair, 92 
and rate of heat gain, 36 
reflected, 36 

rP d i refle ? Uvity of Rare and shm, 37 
shelters from, 520-533 
sources of, 33 

values in various areas of, 37 

Ramtll ,SheeP ’ 344 

annual variation of, example, 44 
"'l™ 11 ™ of, 8-9, 168-169, 207-208 
and feed supplies, 42-43 
and heat dissipation, 43-44 
*R? ort ? nce °f> to animals, 41-45 
no infectious agents, 43, 463-473 
"ffree on environment of, 7-12, 
168-170 

influence on pelage of, 44 
measurement of, 45 
monthly variation of, 42-43 

^Vnug:;45 0 " CCm,nK - 8 - 10 ' 56 
Rinibouillct sheep 
eni'Ws of, 406, 553-554 

Randan" Rreedmg of. 123 
n'mloni mating, 321-322 

Rail n r °" ‘" K Rmsses, 180 
Rations frur RC ‘ ln( '" cnte grinding, 243 

4[!‘" ,n ? entile. 255 
a r> raises. 255 
ntt > cows. 255 

lxml tr> ,25| 


swine, 254 
work oxen, 255 

Rearing herd replacements, 479-517 
Reasons for livestock keeping, 664-666 
Rectal temperature ( See Body 
temperature) 

Red Sindhi cattle 
age at first calving of, 328 
breeding efficiency of males, 440 
crosses of, 152-153, 328, 370-371 
puberty age of, 328 
Red tick (See Rhipicephalus evertsi) 
Redwater, 459, 469 
Reflected radiation, 36, 38 
Refrigeration, meat, 647 
Relative humidity ( See Atmospheric 
humidity) 

Rennet, 619 
Repeatability 

of calving interval of buffalo, 584 
of dairy traits, 325-326 
definition of, 305 
in European dairy breeds, 325 
in goats, 280 
in native cattle, 326 
in sheep, 343 

value of, in selection, 305-306 
Reproduction 

calving interval, definition of, 412 
and calving rates, 410-411 
and days open, definition of, 412 
effect 

on lactation of, 122, 123 
of season on, 123 
of temperature on, 118-123 
efficiency, factors affecting, 411-440 
and estrous synchronization, 436-438 
and functional sterility, 410-411 
and hemoglobin level, 121 
and non return rate, 415 
and progestin, 437-438 
and prolapsed prepuce, 418 
and prolapsed uterus, 431 
service period, 412 
services per conception, 412 
Reproductive inefficiency, 415-432 
Resistance, disease and insects, 319-321 
Respiration 

and alkalosis, 83 
control centers for, 68-69 
and correl ition of perfomruict\135-13r> 
and evaporation. 30, 66, 82-83 
in heat loss, 82-85 
types of, 83-8 1 
Returns, livestock affected l>) 
age at calv mg, 518-519 
age at m irkcting. 6-8. 672 
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Returns ( continued ) 
calving percentage, 672-673 
intensification of labor, 404-406, 
670-674 

package practices, 672-673 
reproductive efficiency, 410-413 
Requisites of 

good pasture species, 183-184 
livestock development, 677-678 
RMptcqiholui appendictilatus (brown 
tick), 469 

Rhipicephalus eoertsi (red tick), 469 
Rhizobium 

in legume production, 202 
strains of, 197 

Rhode Island Red poultry, 365 
Rice 

bran, 218, 225-226 
bulls, 219, 225-226 
straw, 219, 225-226 
Rift-Valley fever, 467 
Rinderpest, 11, 459, 461 
Romeldale sheep, 380 
Romosinuano cattle 
characteristics of. 270-271 
crosses of, 354 
Rotation crossing, 365-366 
Rotational grazing, 464 
Rough coat, 132, 142 
Round worms, 463 


Saamen goats, 280 
gabel goats, 280 
Sahiwal cattle 
age at calving of, 328 
breeding efficiency of male, 431, 440 
characteristics of, 266 
crosses of, 382 
milk let-down of, 331-332 
milk yield of, 293 
Salt requirements 
of grazing animals, 511-512 
for meat curing, 642 
Sandjabi sheep, 547-550 
Sanga cattle, 269. 272 
Sanitation 

and animal health, 473-474 
w confined rearing, 532 
San Pierre swine, 356 
Santa Gertrudis cattle 
breeding efficiency of, 122 
crosses of, 367 
influence of temperature 
on growth rate, 112 
on milk yield, 105 
owles with prolapsed prepuce, 418 
ongin of. 357-358, 379-380 


Schemes for genetic improvement, 
386-395 
Screwworm, 467 
Season and 
breeding efficiency of 
cattle, 122 
sheep, 123 

buffalo calving, 579-580 
conservation of forages, 176-178 
digestibility forages, 179, 498 
feed supplies, 8-11, 43 
fertility, female cattle, 122 
fertilizer application, 493-494 
grazing. 6-12, 478 
milk yield, 337 
pasture quality, 478 
rainfall distribution, 42-43 
reproductive efficiency of 
buffalo, 425 
cattle, 425-426 
goats, 425 
sheep, 425 
semen quality, 118 
sweating rate, 144 

Seaweed as a protein source, 232-233 
Sebaceous glands, 92, 140, 154 
Seeding of 

grasses, 191-192, 205-206, 209 
grass-legume pastures, 202-203 
legumes, 196-202 
semi-and lands, 203-205 
wet-dry regions, 206 
Seedstock farms 

for beef production, 341-342, 39t-395 
for dairy production, 391-395 
for sheep, 344-345, 553-557 
purpose of, 335, 389-391 
Selection 
accuracy of, 306 
bases for, 310-314 
of buffalo, 595-596 
of dairy traits, 324-338 
differential, 307 
for disease resistance, 319-321 
“fads,” 343 

and genetic association, 308 
index, 3L5-3I6 
individual vs group, 310 
of a number of traits, 307-308 
objectives of. 303-30-1 
of a single trait, 307 
types of, 314-316 
and value of pedigree, 310-312 
Se,e g™ e breeding, native stock, 291, 
Selenium 

deficiencies of, 212 
excess of, 462 
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Semen production, affected by 
atmospheric humidity, 118 
breed, 440-441, 575-576 
frequency of collection, 441 
inbreeding, 441-442 
photopenod, 119 
sexual maturity, 441 
temperature, 118 
Semi and regions 


control of grazing in, 557 
feed and water resources of, 557-558 
grasslands in, 203-205 
Semilethals, livestock, 317-318 
Semi nomadic herding, 273-274 
Service penod 
of buffalo, 582 

Of cattle, 122, 375, 412, 433 
Services for conception 
m buffalo, 581-582 
m European breeds, 122, 412, 433 
m sheep, native, 546 
4ebu vs European, 329 
cS a > Shinty (See Puberty) 

Shades (See Shelters) 
hheep (Ouis anes ) 

™ Africa, 276 
“nth weight of, 277 
“'ceding of, 425 

"““Reding of, 362-363, 377-378, 

do'iot feeding of, 558 

temperature on embryo of, 

ewe lambs, partuntion of, 517 
"eece rot in, 320 

BenM tre " ds ln - 346 ' 553-560 
Benn!l C ‘"Prooement of, 344-346 
^>pe environmental interaction in 

hem?i r< ^ U0t ' On °h 108 
Imnlem ,ty eshmates for, 343, 547 

"§• programs for ’ 3 «-346 

" India are among ' 355 

,nd, 5S6° US lo N S 30 “' 275-278, 541- 

len Mh >n. 547 
main! ng Percent ,n. 277 

55K55? requirements for, 302. 

>"'«nton 2e0r ' 277 

"ilk 2 r ’? RC of ' 480-481, 541-550 
V»eld of. 277, 344 

nati^ S ^-ents for. 510-512 
of. 553-557 


I VII, OlWvWI 

nR ‘-Wciency of, 5-16-547 


breeds of, 542-548 
estrus detection in, 425, 546 
fleece weight of, 550 
germ plasm flocks of, 553-557 
hentability of milk yield of, 547 
improvement programs for, 556-557 
lamb mortality of, 545 
milk fat of, 547 
selling periods for, 552 
services for conception for, 546 
shearing practices for, 549 
time of first breeding of, 546 
twinning of, 545 
weaning time of, 545 
weaning weight of, 546 
number of, m warm climates, 5, 541 
optimum temperature for, 111 
rearing by nomads, 544-546 
repeatability in, estimates, 343 
scrota, wool covering, 119-120 
season of breeding of, 425 
selective breeding of, 342-346 
special adaptive features of, 155 
suitability to tropics of, 277-278 
susceptibility to disease of, 471-472, 
550-551 

temperature and fertility of, 120 
temperature and grazing behavior of, 
495 

thermal stress and growth of, 111 
tick borne diseases of, 466-470 
use of native breeds of, 553-557 
wool clip, 289-290 550 


Shelters 

for beef cattle, 520-522, 527 
covering materials for, 524-526 
for dairy cattle, 521-522, 527 
in hot, dry weather, 524, 527-530 
in hot, humid weather, 525, 527, 529- 


531 

orientation of, 523-524 
space per animal in, 526-527 
for swine, 522-523, 527 
trees and, 525-527 
types of, 521 

lort infrared radiation, 34 37 
torthom cattle 

breeding efficiencj of, 1— 41J 
crosses of, 265, 295, 368 
heat tolerance of. 112-113, 131 
skin thickness of. 91 
surface area of, 145 
luge 

dry matter in, 501 
making 482,493 
moisture content in 500-501 
presen lines in. 501 

Stnictliris for. ISrc-jO- 
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Silage ( continued ) 

tropical grass in, 119, 5W-501 
use as supplement of, 195-196 
weather effects on, 42-43 
Silica content forages, 179 
Simmental cattle, 419 
Size, relation to weight gam. 516-517 
Skin 

absorption radiation of, 37 
and thermal stress, 00 
thickness of, 90-91 
Slaughter 

abattoir for, 632, 636-637 
chilling after, 641 
public facilities for, 633-634 
slab for, 632 
Slaughtering 
dry, 634 

humane, 640-641 

recommended procedures for, 633-637 
religious practices regarding, 636 
in rural areas, 632-633 
wet, 634 

Small East African Zebu cattle, 293 
Small farms (See alio Livestock 
development) 

acceptance of technolog> at, 659-660 
assistance programs for, 657-656, 678- 
681 

cooperatives and, 18, 680 
forage production on, 405 


Stii IWS (Sec Cjumhn ,,lecl«ilm hgtm) 
Stecde milk 625 

Stilhestrol (see dicth)lstilbestr«l) 
Stillbirth. 123. 292, 417 
Stocking rate. 485-48S (See alio 
Pastures) 

Storage structures, silage, 500-501 
Strain 

definition of, 75-76 
relation to stress of. 76-77 
Stress 

definition of. 7.5-76 
relation to strain of, 76-77 
Strains from crossbred, 379-388 
Stnp grazing. 48-1 
Stunning pen. 639 

Sf{/loian/)jrt eweilir (Stylosanthes). -01 
Subterranean closer, 198 
Suckling, effects on rehreeihng. 427 
Sugarcane 

bagasse. 219-221, 113, 244 
molasses ( Sec Molasses) 
tops, 219. 221-222 

Suitability for hot cmironments, 129- 
154, 156-161 

Sulfur requirements, 513-514 
Sunshine and disease control, 474 
Surface area 

of breeds of cattle, 145-146 
correlation with age and weight of. 


services required by, 657 
Smoking meat, 645 
Social considerations, 595, 656-661, 
667-668 

Sod seeding pastures, 494 
Sodium Huonde, drug. 465 
Sodium hydroxide, 244 
Soils of tropics 
characteristics of, 170-171 
fertility of, 53-54. 170-171 
types of, 54-55 

Solar radiation (See Radiant energy) 
Solids'irot-fat 
m buffalo, 587 

effect of temperatute on, 117-118, 587 
Somali sheep, 543 
Soviet Comedale sheep, 380 
Sows ISee alro Swine) 
estrus duration of, 436 
thermal stress effects on, 123 
Specific dynamic action, 74 
Spermatogenesis, effects on 
of atmospheric humidity, 119 
of temperature, 118 
Spraying urea-molasses, 241 
Sprinklers, livestock cooling, 522 
Starea, 238 


and role of thermal stress, 91 
Surti buffalo, 566 

Surveys for livestock development, 669 
Susceptibility to disease of 
buffalo, 591 
cattle, 471-473 
goats, 471-472 
sheep. 471-472, 550-551 
swine, 471 
Sweat 

chemical composition of. 80 
glands 

of buffalo. 79. 571 
of cattle, 79, 143-144 
congenita] defects in sheep, 144 
control centers for, 68-69, 79 
density of, in canons species, 80-81 
of goats, 82 
of sheep, 81 
stimulation of, 78-81 
of Zebu cattle. 80 
Sweating rate 
of buffalo, 144 

differences among breeds In, 144 
of European breeds, 79, 144 
ranking of domestic livestock for, 79 
relation to heat production, 81 
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of scrotum, 119 
seasonal effects on, 144 
of sheep, 144 

temperature effects on, 79, 81 
threshold in animals, 79 
variation on body of, 79-81 
of Zebu cattle, 143-144 
Sweet potatoes (See Yams) 

Swine 

host market weight for, 347 
breeds of, from line crosses, 356 
crossbreeding of, 367 
development of new breeds of, 356- 
357 

dwarf types of, 282 
estms detection of, 436 
genotype environment interactions of, 
296-297 

gross efficiency of, 107-108 
‘"breeding effects in, 355-356, 441 
‘"bred bnes of, 356 
libido of inbred boars, 441 
“ne crosses of, 356 
"Umbers of, in tropics, 5, 282 
optimum temperature for, 111 
ovulation time of, 436 
rations for, 254 
requirements 
"laintenance, 302 
"""ends, 511-517 
thermal stress, 108 
water, 507 

?re Ct ‘ V i e bree dmg, 346-348 
il"u«h e te a r t,0nt ° 8am ' 107 ~ 108 
dry, 634 

Procedures for, 639 
wet, 634 

types P r!f b r hly ,0 dlse “ se of. 471 
value f f ° r tro P' c "> markets, 347 
s )T"nath„. poratlve coo| mg of, 522 
Syucer , h t m nerVOUS s Y ste r". 69 
SfiKhrn Scr {Sec 
Ssnl — estrus, 436-438 

s >«em 237 - 242 “ ! <° Urea) 

’ "tibzation forages, 195-196 

Tane° ni 'vlr-ction, 315 
T.iral "', 15 ' *63 
T<„, s l‘cep, 380 

A . ,r temperature) 

««l S"""l ,, > >"de\ 

■hfmihoTLrs™ rt - 52 ’ 53 

n 1 n“' '"d profile, 56-57 

*yj ° * to anim »I perform mtc. 52- 


T * 

r " m. 312-31 1 


Testes, overheating, 119 
Thai buffalo, 569 
Tharparkar cattle, 328 
Thennal equilibrium, 68 
Thermal stress, effects of (See also 
Assessment, Adaptability, Heat) 
on animal behavior, 105 
on appetite, 103 
on birth weight, 120-121 
on blood constituents, 66 
on body conformation, 113 
on body temperature, 66, 87-88 
on body weight, 67, 111-112 
on cardiac output, 78 
compensations for, 76-90 
on daily gam, 103-104 
on death, 89 
on draft capacity, 123 
on endocrine functions, 123-124 
on energy utilization for gain, 108-109 
on feces output, 67, 88 
on female reproduction, 120-123 
on feeding habits, 106-107 
on goats, 279 
on grazing, 495-497 
on gross efficiency 
general, 107 
in heifers, 107-108 
in poultry, 110 
m swine, 107-108 
on growth rate, 111-114 
on hair color, 92-93 
on hay intake, 103 
on heat production, 66, 73-75 
on male libido, 119 
on male reproduction, 118-120 
on maintenance requirements, 109- 


110 

on metabolic heat production, 109 
on milk composition, 67, 117-118 
on milk production, 67, 114-H7 
on peripheral circulation, 77-/8, 93 
on poultr>, 297 
on pulmonary pressure, 78 
on rate of passage, 108 
on reproductive efficient) , 118-l~o 
on respiration rate, 66, 82-85 
on rumen acids, 66 
on state of hydration, 89 
on sweating, 78-82 (See also Sweating 
rate) 

on tlwroid function 124 
on th\roprotein feeding 121 
on tidil \olume. 66. 83-81 
on unne, G6 

on use of water, 66 88 ^ 

on \asculir clnnges, //-<^ 

on water intake, 67. h«, 50 »- jOS 
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Thermoregulation, 68-90, 574-575 (See 
also Heat regulation. Thermal 
stress) 

Thermostatic regulation appetite, 106 

THI (See Temperature-humidity index) 

Tibenzole* 465 

Thiouracil, feed additive, 250 

Thribblecross sheep, 380 

Thymus gland, 153, 471 

Thyroid gland, 85, 97, 124, 153 

Thyroid stimulating materials, 249 

Thymprotein, 124,249 

Tick fever, 320 

Ticks (See also name* of individual 
species) 

control of, 460-470 
disease transmission by, 459, 466-469 
numbers of, on cattle, 95 
resistance to, 320 
Tidal volume 

changes in, from thermal stress, 66, 

83-84 

definition of, 83 
Toggenburg goats, 280 
Tools of breeder, 303-304 
Total digestible nutrients, forages, 177 
Total strain, 76 

Townsville lucerne, legume, 197-198 
Toxicity from 
feedstuffs, 252 
fluorine, 462 
green plants, 25 1 
minerals, 211, 252, 510-514 
selenium, 462 

Trace of mineralized salt. 511-512, 514 
Trade uinds, 39-40 
Tramlsol, drug, 465 
Transudation water, skin, 71 
Treatment, reproduction disorders, 430 
Treatment, enhance value feeds, 242- 
245 

Trifolium alexandnum (Berseem clover), 
199. 544. 579-580 

Tnfolium incamalum (Crimson clover). 

m 

Tri/oiium rejwnt (Louisiana White 
Dntch clover). 199 
TrijJtucum taxum (Guatemala grass). 

189. 490-491 

Tropical environment. 7-13 
Tropical forages (See Forages. Pastures) 
Tropical Vudzu (See Pueraria 
pfw tea (aide*) 

Tropical rations, examples. 252-255 
Tropics, arable land, 172 
Trypanosomiasis, 320. 459 


Tsetse fly 
control of, 459, 468 
diseases transmitted by, 468 
types of, 468 
Twinning 
in goats, 280 
in sheep, 545 
Types heredity, 303 

Ultraviolet light, 33 
Undomesticated species, 284 
Unicellular alg3e, 232-233 
Urea 

antidote for poisoning by, 241 
grades of, 238 
incorporated in rations, 238 
and metabolism in rumen, 237 
palatability of, 239, 241 
poisoning by, 241 
rations containing. 254-255 
Tecommended feeding level of, 237- 
238,242 

sprayed on pastures, 241 
as supplement to 
concentrates, 237^242 
low quality pastures, 234 
minerals, 239-240 
molasses, 238-241 
pasture, 241 
silage, 241 
straw, 241 

value of, for calves, 242 
value of, for non-ruminants, 
241-242 

Vampire bat (See Desmodus nufus) 
Vapor pressure, 32 
Variance for dairy traits, 327 
Vascular changes in stress, 77-78 
Vasectomized males, 435 
Vectors, pTotozoa diseases, 459-461 
Vegetable by-products, 229 
Vesicular stomatis, 456 
Viability of 
buffalo, 576-577 
cattle. 377 
Vicuna. 284 

Visible radiation, 34, 37 
Volatile fatty acids, rumen, 66 
Vulva, role thermal stress, 93 

Waste product feeds, 234-236 
Water 

access needed, 509 
intake affected by 
age. 507-508 
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ambient temperature, 67, 87, 507- 
508 

dry feeds, 50S 
lactation, 507 
salinity, 509 
species, 507 
water temperature, 507 
losses 

body surface, 67, 88 
drivelling saliva, 88 
feces, 67, 88 
respiration, 67, 88 
urine, 66, 88 
requirements of 
buffalo, 573 
cattle, 507-509 
poultry, 507 
sheep, 507 
swine, 507 
supplies of, 506-509 
™ dunng thermal stress, 88 
water balance, control center, 69 
^buffalo (Sec Buffalo) 

Water loss, transudation, 71 
Weaning weight, sheep, 555 

546 S y0UnR ’ Procedures, 511, 545- 
'Veather 

data use, 56-57 
defmitmn of, 23 

j* M a , ,ure we, sK names of 

'Vet h „ breeds and species) 

We S “ tem Perature, 32, 51 
Wheat regl ° n geasslands, 206-207 
bran, 218, 226 
screenings, 226 
straw, 219, 226 
'Vhey, 234 

eheese, 619—620 
White b^ttberu poultry, 297, 365 
Wilt! n , 6 d'sease, 551 
''"u, animals, 284 

Wool 'oi!n C, '-*J Sce Alr mov ement) 
wemht) 50 <Scc a,so Fleece 

'' , utldhm'! t i r l,ca " lc ' 130 ’ 140-142 
u nim resources. 168 

'“1.283-26! 

218,231 

“St, feed additnc, 233 


Yields from pasture, 487-488 
Yoghurt, 614 

Young stock weaning, 516 
Yucca ( See Cassava) 


Zebu cattle ( See also Brahman cattle) 
breeds of, 266-268, 271-272 
factors to adjust milk records of, 336- 
337 

features of internal anatomy of, 152- 


154 

feed intake of, 105 
general characteristics of, 266-269 
gross efficiency of, 114-115, 573 
hair density of, 92 

maternal instinct of, 330-331, 334-335 
mature body weight of, 267-268 
metabolic heat production of, 151 
milk let down rate of, 330-331 
milk yields of, 114-115, 267-271, 286- 
288 

penpheral circulation in, 93-94 
persistency of milk yield of, 331-332 
skin thickness of, 91 
suitability of, for machine milking, 
329-330 


sweat glands of, 143 
sweating rate of, 143-144 
Zebu cattle, Brazil, 271-272 
Zebu crosses ( See also Crossbreeding, 
Cattle, native) 
age at sale of, 368 
dipping costs for, 368 
growth rate of, 370 
heat tolerance of, 131 
hump of male, 146, 148 
internal anatomy of, 152-153 
milk yield of, 332 
performance in U S of, 157 
phenotypic characteristics of, 369-371 
puberty age of, 328 
response to stress of, 115, 136 
skin thickness of, 91 
suitability to hot climates of, 158, 160 
surface area of, 145 
sweating rate of, 144 


Zinc 

deficiency 

in animals, 211-212 
of forages, 252 
requirements, 513 
Zoonoses, 455, 626 




